ariane 


user's manual 
1980 Issue 


Approved by 


R. ORYE R. VIGNELLES 


Head of Ariane Department ESA Head of Ariane Project CNES/AR 


Lus 


€ european space agency 
agence spatiale européenne 


(0 
2. 


| Publication notice 
to the holders of the Ariane user's manual 


Revisions to this document will be issued-periodically to reflect changes and aditions to vehicle 

performance, operations and spacecraft design restraints. Unless the recipient is on the 

distribution list for revision sheets, his manual will very soon become outdated. You are therefore 
) encouraged to return the reader's service card promptly. 


Also if you have any comments or suggestions concerning content or format, please note on the 
service card. 


Inquiries concerning clarification or interpretation of the material contained herein should be 
directed to the : 


Ariane Department 
European Space Agency 


8-10, rue Mario-Nikis 
75738 Paris Cedex 15 


Ariane user's manual * Serial Nr. 


. 


. . 
Феееевеееевеевееееееее 


1980 Issue 


If you wish to receive future revisions to the manual please fill out and return this card. 


L] Note change of address : 
Address : 


Comments/Suggestions : 


ARIANE L 01 vehicle after lift-off 


Contents 


Chapter 1 introduction 

Chapter 2 General performance deta 
Chapter 3 Launch vehicle / payload interface 
Chapter 4 Launch operations 
Chapter 5 ..., 

Chapter б documentation 
Chapter 7 Dual launch with буда 
Annex 1 Description of the launch vehicle 
Annex 2 Guiana space centre 
Annex 3 istot abbreviations 


Issue 1980 - Rev. 0 


NE: 24. Performances h ella orbits - | КЕТ | 

2 77277 jnelinatió 609. oj аера лал. | 2. 
00255. Performance i in ipic с orbits ` EL 

VEGAN | 190° 4 


_ List of figures ` 
_ Ariane user's manuel 


à Principle of u user / Ariane relationship `. 


1.1: 812. “` 
1.2. Launch vehicle axes ..................:. сай 213. 
1.3. 1.5 


Launch vehicle inboard profile (photo) . n ue T 


2.8 
. 2.9. 
272,10 
2.11 | 
2.12 
28.8. ance іп: ry oe 2.13 
2.85 Performance in geostationary transfer orbit Жу 2.14 
2.8.с Performance in geostationary transfer orbit .... 2.15 
2.9. Typical trajectory - geostationary mission ...... 2.16 
2.10. Performancein elliptical orbits ............... 2.19 
2.11. Typical trájectory - ellipticalorbit mission ...... 2.20 
2.12. Deviations for elliptical orbits 
(will be published in a subsequent issue) ....... 2.21 
2.13. Performance in sun-synchronous orbits ....... 2.22 
2.14. Performance in sun-synchronous orbits 
Latitude and longitude at injection 
Longitude of ascending node ................ 2.23 
2.15. Typical trajectory - sun-synchronous mission ... 2.24 
2.16. Performance in escape trajectories ........... 2.26 
2.17. Typical trajectory in escape mission ........... 2.27 
2.18. Typical flight profile - geostationary mission .... 2.29 


Il issue 1980 - Rev. 0 


Table of contents 
Ariane user's manual 


SUAM E Bag ofthe sde ай. see 1 x 2 = e page 11; 
Lä ` General Organization ............ Р eee 1] иа 
шо. 1 


Main characteristics of the Ariane launch vehicle 


222,4. 1. Performance i in transfer orbit UN NEM 
2. 4.1.1. Variation ofinclination and 
- perigee altitude ................ 
2.4.1.2. Variation of inclination and 
perigee argument .............. 


2.42. Typical launch-vehiicle trajectory ........ 
_ 2.4.3. Influence of miscellaneous parameters ... 
2.4.3.1. Perigee and apogee ............ 


----gocoo o GO - “бо 


мммм мммюмююмм N NNG 


2.4.3.2. Aerothermal flux at fairing jettison . 7 
2.4.3.3. Descending node .............. 7 
2.4.3.4. Acoustic protection ............ 7 
2.4.4. Injection accuracy .................... 7 
2.5. Elliptical-orbit mission ....................... 18 
2.5.1. Performance ......................... 18 
.2.5.2. Typical launch-vehicle trajectory ........ 18 
2.5.3. Elliptical-orbit accuracy ......... on due 18 
2.6. Sun-synchronous mission ................... 2.18 
2.6.1. Performance ......................... 2.18 
2.6.2. Typical launch-vehicle trajectory ........ 2.18 
2.6.3. Injection accuracy .................... 2.25 
2.7. | Escape mission ............................ 2.25 
2.7.1. Performance ......................... 2.25 
2.7.2. Typical launch-vehicle trajectory ........ 2.25 
2.7.3. Variation of launchtime ............... 2.28 
: 2.7.4. Injection accuracy. .................... 2.28 
2.8. : Description of typical 
` geostationary-mission flight ................. 2.29 
2.8.1. Flightprofile .............:........... 2.29 
. 2.8.2. Flight sequence көе ЖОМОК КО ER 2.29 


Issue 1980 - Rev. 0 ЇЇ 


List of figures 


Chapter 3 / launch vehicle / payload interface 


= 
Ч 

оз 

—^ 


Payload adaptor 1194 ....................... page 3. 
1194 adaptor (photo) ....................... 


51: 3.2 
3.2. 3.3 
3.3.a 1194 payload adaptor forward frame .......... 3.5 
3.3.b 1194 payload adaptor forward frame .......... 3.6 
3.3.c 1194 payload adaptor forward frame .......... 3.7 
3.4. 1194 payload adaptor overhead view (photo) ... 3.9 
3.5.  1194adaptor payload composite .............. 3.11 
3.6.a 1194 payload adaptor rear frame .............. 3.12 
3.6.61 1194 payload adaptor rear frame .............. 3.13 
3.6.b2 1194 payload adaptor rear frame .............. 3.14 
3.6.c 1194 adaptor payload rear frame .............. 3.15 
3.7. 937 adaptor 

(will be published in a subsequent issue) ....... 3.17 
3.8. 937 adaptor 

(will be published in a subsequent issue) ....... 3.18 
3.9. 937 adaptor 

(will be published in a subsequent issue) ....... 3.19 
3.10. 937 adaptor 

(will be published in a subsequent issue) ....... 3.20 
3.11. 937 Adaptor 

(will be published in a subsequent issue) ....... 3.21 
3.12. 937 adaptor 

(will be published in a subsequent issue) ....... 3.22 
3.13. 1497 adaptor 

(will be published in a subsequent issue) ....... 3.23 
3.14. 1497 adaptor 

(will be published in a subsequent issue) ....... 3.24 
3.15. 1497 adaptor 

{will be published in a subsequent issue) ....... 3.25 
3.16. 1497 adaptor 

{will be published in a subsequent issue) ....... 3.26 
3.17.a Payload adaptor / VEB interface .............. 3.27 
3.17.b Payload adaptor / VEB interface .............. 3.28 
3.18. Explanation of symbols ..................... 3.29 
3.19.a Fairing (photo) ............................. 3.31 
3.19.b Fairing (photo) ............................. 3.33 
3.19.c Fairing (photo) ............................. 3.35 
3.20.a Acoustic blanket (photo) .................... 3.37 
3.20.b Fairing fitted with acoustic blankets .......... 3.39 
3.21.a Usable volume under fairing - Adaptor 1194 .... 3.41 
3.21.b Usable volume under fairing - 937 Adaptor 

(will be published in a subsequent issue) ....... 3.42 
3.21.c Usable volume under fairing - Adaptor 1497 

(will be published in a subsequent issue) ....... 3.43 
42228 l/2falringZ Е eter ent een 3.45 
3.22: 1/2 fairing Zn .............................. 3.46 
3.22.c Access at fairing boat-tail section ............. 3.47 
3.23.a Limit loads on 1194 adaptor 

at adaptor / payload interface ................ 3.49 
3.23.b Limit loads on launcher 

at payload adaptor / VEB interface ............ 3.50 
3.24. Kinematic conditions after separation 

with payload ѕріп-ир (A sequence) ........... 3.53 


IV Issue 1980 - Rev. 0 


Table of contents 


Chapter 3 / Launch vehicle / payload interface 


3.1. Mechanical interface ................... 

3.1.1. Launch vehicle / payload adaptors 

3.1.1.1. Adaptor 1194 (figs. 3.1 to 3.6c) . 

.2. Adaptor 937 (figs. 3.7 to 3. 12c) . Р 
3. Adaptor 1497 (figs. 3.13 to 3.16) . 
4. Sylda dual-launch adaptor 
5. 
+ 


Л 
1 
л 
Л 
lose 


r 


е 

کے 

№ 
WWWWZWWW (0 ( 
0 ——— 


2. 
2. 
2. 
2. 


3.2. Mass - Alignment - Inertias ............. 
3.2.1. Payload mass ................... 
3.2.2. Payload alignment ............... 
3.2.3. Payload inertias ................. 


w оэ 
> to 


Environment imposed on the payload 
3.4.1. Mechanical loads induced 


by the launch vehicle ............. 
3.4.1.1. General presentation ...... 
3.4.1.2. Static acceleration ........ 


3.4.1.3. Dynamic environment 


3.4.1.3.1. Longitudinal sinusoidal 
vibrations ....... 

3.4.1.3.2. Lateral sinusoidal 
vibrations ....... 
3.4.1.3.3. Random vibrations .... 
3.4.1.3.4. Acoustic vibrations ... 
3.4.1.3.5. Shocks ......... 
3.4.1.4. Payload design and dimensioning 


3.4.1.4.1. Frequency 


requirements 
3.4.1.4.2. Primary-structure 
dimensioning loads ... 
3.4.1.4.3. Dimensioning of ` ` 
secondary structures 


Other adaptors ........... 
айпа. ЕТТЕ ОК ГУГО, 
1. Description .............. 
2. Acoustic protection ....... 
3. Useable volume .......... 
4. Payload accessibility ...... 


Kinematic conditions at separation ....... 


21885 Ё28885500--- 


сл сл on m 
аар ве 


m 
о 


ө о Оо о ооо WW (0000002 WWWWW 0 CO CO CO 0 CO CO 
Ф 48664689 


© 


and flexible elements .. 3.62 
3.4.1.4.4. Coupled analysis 3.62 
3.4.1.5. Payload qualification 
andacceptance .......... 3.63 
` 3.4.1.5.1. Static qualification 
tests... 3.63 
3.4.1.5.2. Sinusoidal vibration 
tests rv 3.63 
3.4.1.5.3. Notching ....... 3.63 
3.4.1.5.4. Random vibration tests 3.65 
3.4.1.5.5. Acoustic vibration tests 3.66 
3.4.2. Thermal and climatic environment 3.66 
3.4.2.1. Environment in payload facilities . 3.66 
Issue 1980 - Rev. 0 V 


List of figures 


chapter 3 


3.25. 


Kinematic conditions after separation 
without payload spin-up (B sequence) .... 
Longitudinal static accelerations 
geostationary mission (flight levels) ...... 
Sinusoidal longitudinal vibrations 

(flight levels) ......................... 
Sinusoidal lateral vibrations (flight levels) . 
Random vibrations (flight levels) ......... 
Noise spectrum under fairing ............ 
Sinusoidal accelerations 

qualification levels ..................... 
Cooling under fairing | 

(will be published in a subsequent issue) .. 
VEB temperature chart ................. 
Internal temperatures of fairing structure 
with and without acoustic blanket ....... 
Flux emitted by fairing structure 

with and without acoustic blanket ....... 
Pressure under fairing .................. 
Principle of umbilical connections ........ 
Umbilical connections VEB/VEB mast 
junction box .......................... 


Position of fairing umbilical plugs (optional) .... 


Umbilical connections fairing 

payload mast junction box .............. 
Payload / launch centre cables .......... 
Spurious radiation by launcher 
narrow-band electrical field ...:......... 
Spurious radiation by launcher 

wide-band electrical field (coherent noise) 
Spurious radiation by launcher 
narrow-band magnetic field ............. 
Spurious radiations acceptable to launcher 
narrow-band electrical field ............. 


Chapter 4 / Launch operation 


Fig. 4.1. 


VI 


4.2. 
4.3. 
4.4. 
4.5. 
4.6. 
4.7. 
4.8. 
4.9. 


4.10. 
4.11. 


Guiana Space Centre (CSG) ............ 


CSG technical centre ....................... 
Ariane assembly zone ZA .................... 


Ariane launch zone ZL ................. 


Operations : Block diagram .................. 
Typical operatons time-schedule ............. 


Operations - phase 1 : block diagram ..... 


Operations - phase 2 : block diagram........... 


Launch tower 


Introduction of CCU into PF8 ................ 


Launch tower 


Erection of payload onlauncher .............. 
Operations - phase 3: block diagram .......... 


3.54 
3.56 
3.57 
3.58 
3.60 
3.61 
3.64 


3.67 
3.69 


3.70 
3.71 
3.72 
3.75 


3.76 
3.77 


3.79 
3.82 


3.86 
3.86 
3.87 
3.87 


Issue 1980 - Rev. 0 


Table of contents 


chapter 3 


3.4.2.2. Ground environment 


within the fairing .............. 3.66 
3.4.2.3. In-flight environment 
within the fairing .............. 3.68 
3.4.2.3.1. Temperature and flux 
variations ............ 3.68 
3.4.2.3.2. Variation of 
static pressure 
within the fairing ..... 3.68 
3.4.2.4. Aerothermal flux at fairing jettison . 3.68 
3.4.3. Contamination ....................... 3.73 
3.5. Electrical and radio interface ................. 3.75 
3.5.1. Earth-potential continuity .............. 3.75 
3.5.2. Payload umbilical ..................... 3.74 
3.5.2.1. Standard umbilical 
for single launch ............... 3.74 
3.5.2.1.1. Adaptor type 1194 .... 3.74 
3.5.2.1.2. Adaptor type 937 .... 3.74 
3.5.2.1.3. Adaptor type 1497 .... 3.74 
3.5.2.2. Optional umbilical 
forsinglelaunch ............... 3.74 
3.5.2.3. Separation commanded 
bypayload ................... 3.78 
3.5.2.4. Standard umbilicals 
for Sylda dual launch ........... 3.78 
3.5.3. Pyrotechnic and electrical commands 
generated by VEB ................... 3.78 
3.5.4. Payload measurements transmitted 
by launch vehicle .................... 3.78 
3.5.5. Umbilical cable for testing without fairing 3.80 
3.5.6. Payload mast junction box 
Launch Centre Connections ........... 3.81 
3.5.7. Connections with the launch-vehicle 
checkout system .................... 3.81 
3.5.8. Radiotransparency of fairing ........... 3.81 
3.5.9. Payload installation for launch phase ... 3.83 
3.5.10. Radio compatibility .................. 3.83 
3.5.11. Electromagnetic compatibility ......... 3.85 
Chapter 4 / Launch operation 
4.1. Introduction ............................... page 4.1 
41:1 Gerieral; rot rrr ee ра 4.1 
4.1.2. Definition of operations ................ 4.1 
4.1.3. Block diagram of operations ............ 4.6 
4.1.4. Typical time-schedule of operations ..... 4.6 
4.2. Phase 1 - Preparation and checkout of satellite .. 4.6 
4.2.1. Unloading in Guiana .................. 4.6 
4.2.2. Transport to the CSG ................. 4.6 
4.2.3. Off-loading at ST ..................... 4.6 
4.2.4. Storage ............................. 4.6 
4.2.5. Installation ........................... 4.6 
4.2.6. Preparation and checkout .............. 4.9 
Issue 1980 - Rev. 0 VII 


List of figures 


Chapter 4 


VIII 


4.12. 
4.13. 
4.14. 
4.15. 


4.16. 


4.17. 
4.18. 
4.19. 
4.20. 
4.21. 


4.22. 
4.23. 


4.24. 
4.25. 
4.26. 
4.27. 
4.28. 


Time schedule HO — 20 to HO ................ 
Countdown sequence НО — 60 min to HO ...... 
Control centre configuration for Ariane launch . . 


Links available to the user during launch 


(will be published in a subsequent issue) ....... 


Ground floor satellite preparation 


building (S1) .............................. 
Satellite preparation building (S1) - 1st floor .... 
Satellite ABM preparation building (52) ....... 
Satellite filling and assembly building (S3) ...... 
ABM X-ray buildings (S4) ................... 


Buildings PY3 and PR3 


Solid propellant storage zone ................ 


Front view of Ariane servicing tower 


at payload level ............................ 


Servicing tower overhead view 


at payload level (PF 8) ....................... 
Launch centre ............................. 
Payload console (РСО)...................... 
Ariane payload container (CCU) .............. 
EPCU / tower links ......................... 


Environmental conditions for EPCU 


and associated facilities ..................... 


4.21 
4.22 
4.23 


4.24 


4.26 
4.27 
4.29 
4.30 
4.32 


4.33 
4.35 
4.36 
4.37 
4.38 
4.39 
4.41 


4.42 


Issue 1980 - Rev. 0 


Table of contents 


Chapter 


4.2.7. 
4.2.8. 


4.3. Phase 
4.3.1. 
4.3.2. 
4.3.3. 
4.3.4. 


4.3.5. 


4.3.6. 


4.3.7. 


4.4. Phase 
4.4.1. 
4.4.2. 
4.4.3. 
4.4.4. 
4.4.5. 
4.4.6. 
4.4.7. 
4.4.8. 


4.4.9. 
4.4.10 
4.4.11 


4 


Packing aco rien vas RAE 
Block diagram of Phase 1 operations ..... 


2-Hazardousoperations .............. 
General: So S р en en. 
Pyrotechnic preparation ............... 
Preparation of radioactive sources ....... 
Preparation of ABM ................... 
4.3.4.1. Removal from store and transport 

10552 епоси ios СТАНЫ ии 
4.3.4.2. Preparation and checks ......... 
4.3.4.3. Packing and transport to S3 ..... 
4.3.4.4. Preparation for assembly ....... 
Operations on the satellite .............. 
4.3.5.1. Transport and installation at S3 . . 
4.3.5.2. Fluid filling and 

pressurization ................. 
4.3.5.3. Assembly of pyrotechnics, 

radioactive sources 

and miscellaneous items ........ 
Assembly of satellite with ABM ......... 
4.3.6.1. Assembly .................... 
4.3.6.2. Balancing and weighing ........ 
4.3.6.3. Checks and inspections ......... 
4.3.6.4. Placing of payload in its container 
Block diagram of phase 2 operations 


З - Operations in the launch zone ........ 
General: пасат bate ates de 
Transport of payload ................. 
Assembly on the launch vehicle ........ 
Preparation and checkout of payload ... 
Radio compatibility and pressurization .... 
Fairing хызен Даян Да 
Launch rehearsal .................... 
Checkout and preparation 
before launch countdown ............. 
Launch countdown .................. 

. Block diagram of Phase 3 operations .... 

. Time-schedules ..................... 
4.4.11.1. Time-schedule JO — 7 to JO —1 
4.4.11.2. Time-schedule HO — 20 to HO .. 


4.5 Operational organization .................... 


4.6 Buildings and associated facilities ............. 


4.6.1. 


Issue 1980 - Rev. 0 


Payload preparation complex ........... 
4.6.1.1. Satellite preparation building S1 
4.6.1.2. ABM preparation building S2 .... 
4.6.1.3. Satellite filling 

and assembly building S3 ....... 
4.6.1.4. ABM radiography building S4 ... 
4.6.1.5. Solid-propellant ABM 

storage РАЗ .................. 
4.6.1.6. Pyrotechnic-element store PY3 .. 


4.9 
4.9 


4.9 
4.9 
4.9 
4.9 
4.9 


4.11 
4.11 
4.11 
4.11 
4.11 
4.11 


- — ن — ف ف — ف 
— 


чо zl PS амм млм = = 


RAR ددد‎ РРРРРРР 
: 5 OR NET — cxi са са cm 


List of figures 


Chapter 5 / Safety 


Fig. 5.1. Safety intercept principle diagram ............ page 5.5 


X Issue 1980 - Rev. 0 


Table of contents 


Chapter 4 


4.7. 


4.8. 


4.9. 


4.10. 
4.11. 
4.12. 


4.6.2. Ariane Launch Zone ................... 
4.6.2.1. Ariane servicing tower .......... 
4.6.2.2. Launch Centre (CDL) .......... 

4.6.3. Ariane Payload Container (CCU) ........ 

4.6.4. Control Centre ....................... 

4.6.5. Storage halls ......................... 


Intercommunication ........................ 
4.7.1. General ............................. 
4:7:2:6СаВӨ:: ова e dr cet 
BT Se Radio сэ ли intro 


General resources .......................... 
4.8.1. Technical support .................... 
4.8.2. Operational support ................... 
4.8.3. Logistic support ...................... 
4.8.3.1. Reception and access .......... 
4.8.3.2. Accommodation .............. 
4.8.3.3. Vehicles ...................... 
4.8.3.4. Shipment and transport ........ 
4.8.3.5. Handling facilities .............. 


Launch postponement ...................... 
Aborted launch ............................ 
Evaluation and parameters of injection ........ 
Orbital operations support network ........... 


Chapter 5 / Safety 


5.1. 
5.2. 


5.3. 


5.4. 


Introduction ............................... 


Submission of hazardous system files ......... 
5:2:1. General! ¿uu rosca ans des 
5.2.2. Submission procedure ................. 
5.2.3. Safety documentation - Time schedule ... 


Main requirements concerning hazardous 
SYSTEMS o ood rci Wt а LE RN UE ҮҮН 
5.3.1. Definition ............................ 
5.3.2. Sources of hazard .................... 
5.3.3. Constraints on the use of on-board 
hazardous systems .................... 
5.3.3.1. Electrical circuits .............. 
5.3.3.2. Inhibition or destruction in flight . 
5.3.3.3. Hazardous fluid systems ........ 
5.3.3.3.1. On-board pressurized 
fluid systems ......... 
5.3.3.3.2. Pressurized fluid 
systems on the ground 
5.3.3.3.3. Fluid systems involving 
hazardous products ... 
5.3.3.4. Radioactive systems ........... 


Limits of responsibility ...................... 
5.4.1. Safety of payload team ................ 


> > > > P > 
8558997 


о ооо www 


mm o 
М 


gio 
чч 


go 
со со 


ee T VU 


Issue 1980 - Rev. 0 


> 


List of figures 


Chapter 6 / Documentation 


Fig. 6.1. Ariane - payload documentation .............. page 6.6 
6.2.  Time-schedule of documentation and reviews .. 6.8 


Chapter 7 / General configuration of Sylda 
beneath the fairing 


Fig. 7.1 General configuration of Sylda 


beneath the fairing = = ...... page 7.2 
7.2. Separation sequence ....................... 7.4 
7.3. Static envelope, upper satellite ............... 7.6 
7.4. Static envelope, lower satellite ............... 7.7 
7.5. Centre of Gravity position versus payload mass . 7.8 
7.6. Static envelope, upper satellite 

with smail adaptor .......................... 7.9 
7.7 Static envelope, lower satellite ............... 7.10 
7.8 Sylda frame, internal springs ................. 7.12 
7.9.  Sylda frame, external springs ................ 7.13 
7.10. Satellite rear frame, internal springs ........... 7.14 


XII Issue 1980 - Rev. 0 


Table of contents 


Chapter 5 


5.4.2. Payload activities on the Ariane launch site . 
5.4.3. Constraints ......................... 


Chapter 6 / Documentation 


6.1. 


6.2. 


o ooo 
o P to 


о 


Chapter 7 / Dual launch system with Sylda 


7.1. 
7.2. 
7.3. 


Documentation system .................... 
6.1.1. Application to use Ariane (DUA) ...... 


.1 Launch system/payload interface 


— — --А --А md sd .-А ..А LÀ e 
он оле N 


— — — СО 


. Combined launch vehicle / 


oooo oooooooooo o 


—— — =й 
мыш 
о сл ь © N = O° 


Launch vehicle / payload reviews ............ 
6.2.1. Mission analysis review (RAM) ........ 


6.2.2. Launch-vehicle flight readiness review 


(ҚАМЫ: c ENDE 
6.2.3. Satellite flight readiness review (RAVS) .. 
6.2.4. Launch readiness review (RAL) ........ 


Documentation time-schedule .............. 


Format for application to use Ariane (DUA) 
Format for launch-system / satellite 


interface control file (DCI) .................. 


Format for satellite operations plan at CSG 


(POS) e NRC МЕ e E dd 


Introduction .............................. 
Description of Sylda ....................... 
Sylda performance ........................ 


7.3.1. Limitations applicable 


to the two satellites together .......... 
4.3.1:1..Máass: loeis RR 
7:32:1,2. ОҒЫ ы; s oe 
7.3.1.3. Reorientation and spin-up ..... 
7.3.2. Limitation applicable to each satellite .... 
7.3.2.1. Envelope .................... 
7.3.2.2. Mass et inertia characteristics ... 
7.3.2.3. Additional cylindrical adaptor . . . 


Issue 1980 - Rev. 0 


control file (DCI) .................... 
Mission analysis file (РАМ) ........... 
Satellite environment test files ........ 
Safety submissions ................. 
Application to use ESA network ...... 
Launch application (DL) ............. 
Satellite operations plan at CSG (POS) .. 
Combined operations plan (POC) ..... 
. Launch Order (OL) .................. 
. Satellite operation procedures at CSG .. 


payload operation procedures ........ 
. Payload mass characteristics ......... 
. Injection data ...................... 
. Orbital tracking operation report ...... 
. Launch evaluation report ............ 


P  & QO G G) N Ко > 


ooo oo ооооо oooooooooo oo 
an anor + 


"40101 


NNN 
— 01 01 01 © © G) Q © د د‎ 


NNNNNNNN 
л 


XIII 


List of figures 


Chapter 7 


7.11. Satellite rear frame, external springs .......... 7.15 
7.12. Separation microswitch installation 
in the Sylda separation springs 


(shown for springs in internal position) ........ 7.17 
7.13. Typical separation micro-switch installation 

of satellite 

(shown for springs in internal position) ........ 7.18 


7.14. Possible location zones for access windows 
through Sylda 


(cylindrical projection) ...................... 7.19 
7.15. Kinematic conditions at separation ............ 7.21 
7.16. Longitudinal sinusoidal vibrations (flight levels) . 7.23 
7.17. Lateral sinusoidal vibrations (flight levels) ...... 7.24 


7.18. Temperature evolution during the flight 
at different locations on the structure 


(will be published in a subsequent issue) ....... 7.26 
7.19. Mass / frequency domain for the upper satellite 

(will be published in a subsequent issue) ....... 7.27 
7.20. Sinusoidal vibration, qualification levels ....... 7.30 
7.21. Umbilical links principle ..................... 7.33 


7.22. Integration plan for double payload ........... 7.35 


XIV Issue 1980 - Rev. 0 


Table of contents 


Chapter 7 


7.6. 


7.7. 


7.7.2. 


7.8. 


7.9. 


7.10 


Mechanical interfaces ....................... 
Satellite accessibility ........................ 
7.5.1. Access to upper satellite ............... 
7.5.2. Access to lower satellite ............... 
7.5.3. Constraints on access via the fairing 
(umbilical access) ..................... 


Kinematic conditions at separation ............ 
7.6.1. Separation with spin-up ............... 
7.6.2. Separation without spin-up ............ 


Environment .............................. 
7.7.1. Mechanical environment ............... 
7.7.1.1. General ...................... 
7.7.1.2. Static acceleration ............. 
7.7.1.3. Dynamic environment .......... 

7.7.1.3.1. Longitudinal sinusoidal 
Vibration ............ 

7.7.1.3.2. Lateral sinusoidal 

vibration ............ 
7.7.1.3.3. Random vibration ..... 
7.7.1.3.4. Acoustic vibration .... 
7.7.1.3.5. Shock .............. 


Concept and dimensions .................... 
7.8.1. Frequency requirements ............... 
7.8.2. Primary-structure dimensioning loads .... 
7.8.3. Dimensioning of secondary structures 
and flexible elements using the dynamic 
environment described in para. 7.7.1.3.... 
7.8.4. Coupled analysis ..................... 


Qualification et mechanical acceptance 

of satellites ................................ 

7.9.1. Static qualification tests ............... 

7.9.2. Sinusoidal vibration tests .............. 
7.9.2.1. Test levels .................... 
7.9.2.2. Notching ..................... 

7.9.3. Random vibration tests ................ 

7.9.4. Acoustic vibration tests ................ 


Electrical and radio interface ................. 
7.10.1. Continuity of Earth potential ........... 
7.10.2. Standard иар сав .................. 
7.10.3. Satellite measurement data 
transmitted by the launch vehicle ....... 
7.10.4. Connection with vehicle checkout system . 
7.10.5. Radio transparency .................. 
7.10.5.1. Upper satellite : radio 
transparency of fairing ....... 
7.10.5.2. Lower satellite : radio 
transparency of Sylda 
and fairing .................. 
7.10.6. Radio compatibility .................. 
7.10.7. Electromagnetic compatibility ......... 


Issue 1980 - Rev. 0 


List of figures 


Annex 1 / Description of launch vehicle 


Fig. A1-1 Inertial guidance chain diagram ............... page A1-2 
AT-2- Control logic .............................. A1-4 


XVI Issue 1980 - Rev. 0 


Table of contents 


Chapter 7 


7.11 
7.12 


Operations ................................ 


Documentation ............................ 


Annex 1 / Description of launch vehicle 


1. 
2. 


Introduction .................................. 
Electrical systems .............................. 


2.1. 
2.2. 
2.3. 
2.4. 
2.5. 


Introduction .............................. 
Guidance and control system ................ 
Sequencing system ........................ 
Tracking and destruction system ............. 
Telemetry system .......................... 


Propulsion and pressurization systems ............ 


3.1. 
3.2. 


3.3. 


3.4. 


Introduction .............................. 
1st-stage propulstion system ................ 
3:2.1. Principle. uc cere е Res 
3.2.2. Operation ........................... 
2nd-stage propulsion system ................ 
3.3.1; Principle- ie ae a Я 
3:3:2: Operation: «loe c ge тра шал 
3rd-stage propulsion system ................. 
3.4.1. Principle ............................ 
3.4.2; Operation... e E EPA 


Separation systems ............................ 


4.1. 
4.2. 


Introduction ....,....................,.... 
Separation systems ........................ 
4.2.1. Interstage separation .................. 
4.2.2. Fairing jettison ....................... 
4.2.3. Vehicle/Payload separation ............ 


Destruction systems ........................... 
Structures: sal eke ae de pede АУЛА 


6.1. 
6.2. 
6.3. 
6.4. 
6.5. 
6.6. 


Introduction .............................. 
1st-stage structure ......................... 
2nd-stage structure ........................ 
3rd-stage structure ......................... 
VEB StrüCtÜre еее 
Fairing structure ........................... 


Mass breakdown .............................. 


Issue 1980 - Rev. 0 


XVII 


List of figures 


Annex 2 / Guiana Space centre 


Fig. A2-1 French Guiana and South America ............ page A2-3 
A2-2 French Guiana ............................. A2-4 


XVIII Issue 1980 - Rev. 0 


Table of contents 


Annex 2 / Guiana Space Centre 


1. Introduction .................................. раде A2-1 

1.1, Situation — coed fhe алаша тара ын АД А2-1 

1.2. Tasks of the CSG .......................... A2-1 

2. French Guiana ................................ A2-2 

2.1. Geography ................................ A2-2 

2:2. Climate ones И A2-2 

2.3. Population ................................ A2-2 

24 Health... oV RE E CS A2-5 

2.5. Infrastructure and communications ........... A2-5 

2.6: Tt TEE A2-6 
Annex 3 / Abbreviations 

Abbreviations ................................. A3-1 

A3-2 


Issue 1980 - Rev. 0 XIX 


1.1. 


1.2. 


Introduction Chapter 1 


Purpose of the user's manual 


This manual is designed to provide Ariane users with the information 
they need in order to prepare payload projects. 


The reader should also refer to the ” Safety Regulations ” and “ Guiana 
Space Centre (CSG) Manual ”. 


These three documents constitute the technical reference documenta- 
tion for the Ariane launch system, used for the Ariane-payload feasibility 
study. 


On completion of the feasibility phase, formal documentation will be 
established in accordance with the instructions given in chapter 6 of this 
manual. 


General organization 


The general organization of the activities associated with the launch of a 
payload by Ariane is based on the principle of a dialogue between a pay- 
load officer and an Ariane officer, to be appointed by their respective 
authorities not later than the date at which the launch contract is signed. 
For a given launch, therefore, there are : 


* one or two payload officers, depending on whether the launch is a 
single or a dual one ; 
* an Ariane officer. 


Figure 1.1. shows the principle of the organization throughout the activi- 
ties associated with the launch contract. 


Chapter 4, paragraph 5, details the operational organization of a launch 
in which the duties of the Assistant Mission Head (” Adjoint au Chef de 
Mission " - АСМ) are carried out by the Ariane officer, thus maintaining 


'the principle of Ariane being represented by a single interlocutor vis-à- 


vis the payload authority. 


Chapter 6 lays down the documentation required for preparing for the 
launch of a payload by Ariane. 
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Payload authorities Ariane authority 


Payload Launcher 
officer 1 officer 
Ariane 
officer 


Payload 
officer 2 


Fig. 1.1. Principle of user / Ariane relationship 


Main characteristics of the Ariane launch vehicle 


Ariane is a three-stage launch vehicle using liquid propellants, with an 
inertial guidance system. 


The 1st and 2nd stages burn UDMH and N,0,, the 3rd stage being of the 
cryogenic type (liquid hydrogen and liquid oxygen). Ariane has a height 
of approximately 47 m, and a lift-off mass of some 210 tonnes. 


A brief description of the vehicle is given in Annex 1. 


Figure 1.2 shows the system of reference axes, and figure 1.3 a cut- 
away view of the launch vehicle. 
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Introduction 


This chapter presents Ariane performance data, so as to provide the 
user with the maximum payload-mass value for the purposes of his mis- 
sion. 


Among the many possible missions, the following four categories may 
be singled out : 


* the launching into transfer orbit of geostationary satellites, this being 
the basic Ariane programme objective. 

* the launching of Earth satellites into elliptical orbit. 

* the launching of Earth satellites into sun-synchronous orbit. 

* the launching of space probes outside the Earth's field of gravity. 


Definitions 
Launch vehicle mission 


The Ariane launch vehicle has fulfilled its mission when it has delivered 
the payload to the selected orbit, with the intended attitude and within 
the limits of the specified dispersions. 


Ariane can also spin the payload, up to a maximum spin-rate of 10 revo- 
lutions per minute. 


Definition of performance 


Performance values given in this chapter are expressed in terms of pay- 
load mass, and are based on the following main assumptions : 


* launch from the CSG (French Guiana), taking account of relevant 
safety limitations (see para. 2.2.3). 

e the launch vehicle includes : Ariane/payload adaptor type 1194 and its 
separation system (see para. 3.1.1.1.), and acoustic protection of the 
fairing (see para. 3.1.2.2.). 

* the 3rd stage carries sufficient propellant to reach the intended orbit 
with a probability of 99.87 96. 

® on jettisoning the fairing, aerothermal flux is less than 1135 W/m? with 
a probability of 99.87 96 (see para. 3.4.2.4.). 

* the launch vehicle does not provide for a ballistic phase. 
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Performance is modified in the following cases : 


* use of an adaptor other than the Ariane type 1194. 

* the fairing acoustic protection not used. 

* other modifications of the launch vehicle for special missions, such as : 
- addition of a fast-spin device 
- addition of a protective shield for the payload 
- possible structural reinforcement for payloads exceeding 2500 kg. 


Launch limits 


The launch azimuth for the 1st-stage flight must be between — 10.5? 
and + 93.5? with respect to true North. These values are imposed by 
the CSG safety authorities. 


Certain other constraints on launch trajectories may be imposed for rea- 
sons of safety or tracking-station visibility, and must be examined case- 
by-case. 


Adaptation of performance 
If the payload mass is less than the Ariane launch vehicle performance 
for the intended orbit, the following measures may be applied : 


* reduction of 3rd-stage propulsion time 
* adjustment of launch vehicle trajectory 
* addition of ballast 

* possibility of dual or multiple launches. 


General performance data 

Characteristic velocity 

Figure 2.1 shows inertial velocity available at injection, assumed to be 
horizontal, at an altitude of 200 km, as a function of payload mass and 
inclination. 

The launch operation does not includes a ballistic phase, and hence this 
velocity is only available in the vicinity of injection. 

Performance in circular orbit 

Figure 2.2 shows payload mass as a function of altitude and inclination, 
for circular orbits. 

Performance in elliptical orbit 

Figure 2.3 shows elliptical-orbit performance for eastward launching, 
giving a final inclination of 5.29. Figures 2.4 and 2.5 show elliptical-orbit 


performance, for launches giving a final inclination of 60° and 90? res- 
pectively. 
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Geostationary mission 
Performance in transfer orbit 


Various performance curves are shown, in order to enable the user to 
determine a preliminary strategy for injection into geostationary orbit. 


Variation of inclination and perigee altitude 

Figure 2.6 shows the payload mass as a function of the inclination and 
perigee altitude of the transfer orbit, for a perigee argument of 180° 
(perigee on the equator) and an apogee altitude of 35 800 km. 
Variation of inclination and perigee argument 

Figure 2.7a shows the payload mass as a function of inclination and peri- 
gee argument, for an apogee altitude of 35 800 kg and a perigee altitude 
of 200 km. 

For the same parameters, figures 2.7b and 2.7c show the longitude of 
the descending node of the transfer orbit at injection and the mean 


injection anomaly. 


Figures 2.8a, 2.8b and 2.8c are enlargements of the framed portions of 
figures 2.7a, 2.7b and 2.7c respectively. 


Figure 2.7a shows the limit corresponding to Ше 1st-stage launch 
azimuth constraint < 93.59. 

Typical launch-vehicle trajectory 

Figure 2.9 shows the main trajectory parameters as functions of flight 
time. 

Influence of miscellaneous parameters 

The values indicated below are valid for the orbit range shown in figure 
2.8a. 

Perigee and apogee 

The derivatives are as follows : 


gMcu _ — Е 9Mcu _ — 
“ҮГНИЙ 0.016 kg/km ; ТҮГІН 0.66 kg/km 


where 
Za = apogee altitude 
2р = perigee altitude 
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Aerothermal flux at fairing jettison 


Aerothermal flux is nominally 1135 W/m?, with a probability of 99.87 96, 
at fairing jettison (see para. 3.4.2.4.). 


However, the instant of jettisoning can be readjusted for special mis- 
sions, in which case the flux value is different. For example, for an aero- 
thermal flux of 2270 W/m?, there is a payload gain of 10 kg. 
Descending node 

The performance values shown in figure 2.8 a are calculated without 
constraint on the orbit node. The values of this parameter are as 
indicated in figure 2.8 b. The launch vehicle can make adjustments with 
respect to these values, in which case the resultant performance loss 
can be calculated approximately by the following equation : 


А Мсика =-[да|* ( О in degrees) 
Acoustic protection 
If acoustic protection is omitted, a payload mass gain of 7 kg is achiev- 


ed. 


Injection accuracy 


The covariance matrix of injection errors on the orbital parameters is as 
follows (for orbits defined in fig. 2.8 a) : 


This gives the following standard deviation values : 


a Semi-major axis 21.5 km 
e Eccentricity 0.00024 
i Inclination 0.0199 
[^ Perigee argument 0.0779 
Q Ascending node 0.0769 
Zp Perigee altitude 0.45 km 
Za Apogee altitude 43.1 km 


Parameter M, (mean injection anomaly) depends on the flight sequence, 
and its accuracy is not correlated with the other parameters. Standard 
deviation : TBD. 
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Elliptical-orbit mission 

Performance 

Elliptical-orbit performance details are given in paragraph 2.3.3. Figure 
2.10 shows elliptical-orbit performance for a perigee of 300 km and an 
apogee of 100 000 km, as a function of inclination and perigee 
argument. 

Typical launch-vehicle trajectory 

Figure 2.11 gives the main parameters for a trajectory having a perigee 
of 300 km and an apogee of 11 241 km as a function of flight time. 
Elliptical-orbit accuracy 

Figure 2.12 shows the dispersions of the orbital parameters for the 
elliptical orbits in figures 2.3 to 2.5. 

Sun-synchronous mission 

Performance 

For a sun-synchronous orbit, inclination depends on the geometrical 
characteristics of the orbit. Performance details shown in figure 2.13 
take account of this requirement, showing both payload mass and 
inclination for a variable circular-orbit altitude. Figure 2.14 shows 
ascending-node longitude, and injection longitude and latitude as a 
function of circular-orbit altitude. 


Typical launch-vehicle trajectory 


Figure 2.15 gives the main trajectory parameters as functions of flight 
time. 
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FIG. 2.12 DISPERSIONS FOR ELLIPTICAL ORBITS 
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Injection accuracy 


For the following typical syn-synchronous orbit : 


7208.9 km 
0.002 
98.73° 
2.77? 


о 7 © © 
1111 


The covariance matrix of injection errors is as follows : 


This gives the following standard deviations for the orbital parameters : 


a Semi-major axis 1.18 km 
e Eccentricity 0.00017 
i Inclination 0.0264? 
Q Ascending node 0.0028? 
Za Apogee altitude 2.22 km 
Zp Perigee altitude 0.91 km 


Escape mission 

Performance 

Performance data for escape missions are given in figure 2.16 as 
functions of parameter C, (square of velocity at infinity) and the declina- 
tion of velocity at infinity. 

These performance data are given for a hyperbola perigee altitude of 
300 km, and for optimum launch time. 


Typical launch-vehicle trajectory 


Figure 2.17 gives the main trajectory parameters as functions of flight 
time. 
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Variation of launch time 


For escape missions, the direction of hyperbola velocity at infinity is 
fixed (declination and right ascension). For a non-optimum launch time, 
the hyperbola plane varies, producing a change in the launch-vehicle 
ascent trajectory. 


The Ariane inertial-guidance system is designed to permit this variation, 
and allow a daily launch window. This causes a slight resultant decrease 
of performance, as indicated in the following table (in relation to opti- 
mum time) : 


At — 20 тп — 10mn + 10 тп + 20 тп 
AMcu — 26kg — 6.5kg— 4.8 kg — 20 kg 


The values indicated are valid for the trajectory described in para. 2.7.2. 
For trajectories having the same perigee, and similar payload mass, 
these values remain largely valid. 

Injection accuracy 


For the trajectory shown in figure 2.17, the covariance matrix of 
injection errors for the following parameters is given in the table below : 


V: absolute velocity at injection (m/s) 

7: altitude at injection (km) 

9. : angle of absolute velocity with the horizontal (degrees) 
Az: angle of horizontal velocity with North (degrees) 


0.00272 | — 7.91 10 


3.1107? | — 4.53 1077 
0.000297 


Nominal values of these parameters and their standard deviations are as 
indicated below : 


Nominal value Standard deviation 
11160.6 m/s 1.02 m/s 
364.9 km 0.527 km 
5,699 0.00569 
93.39° 0.0172° 
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2.8. Description of typical 
geostationary-mission flight 


2.8.1. Fight profile 
See figure 2.18 


2.8.2. Flight sequence (seconds) 
0: ignition of 1st-stage engines (НО) 
3.4 : liftoff 
23.0 : end of vertical ascent, tiltover 
85.0: | maximum thrust 


145.8: detection of 1st-stage burnout (H1) 
150.6: 1st stage separates 

150.9: ignition of 2nd-stage engine 

153.8:  2nd-stage engine attains maximum thrust 
248.0:  fairing jettison 

288.2: detection of 2nd-stage burnout (H2) 
293.1: 2nd stage separates 

295.1: ignition of 3rd-stage engine 


298.2:  3rd-stage engine reaches maximum thrust 
845.0:  3rd-stage thrust cutoff commanded (НЗ) 
847.0: start of attitude control (payload orientation) 


903.0: end of orientation and start of spinup (10 rpm)* 
949.0: payload separates (H4) 


* spinup optional (see para 3.3). 
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Mechanical interface 


The payload is mounted on the top of the launch vehicle via an adaptor, 
connected to the vehicle equipment bay (VEB). It is protected by a fair- 
ing, enclosing the payload during the atmospheric part of the flight. 


The mounting plane for the payload is horizontal to within + 2 mrd. 


Adaptors 1194, 937, 1497 and the Sylda dual-launch adaptor form part 
of the launch vehicle. Other adaptors can be used, by arrangement, at 
the user's request. 


A key to the symbols used in the figures showing mechanical interfaces 
is given in figure 3.18. 


Launch vehicle / payload adaptors 


Adaptor 1194 (figs. 3.1 to 3.6c) 


In this version, the adaptor is a structure in the form of a truncated cone 
with an alignment diameter of 1194 mm in the payload separation plane. 
It is attached to the VER by means of a bolted connector frame. It 
enables payload separation. 


The payload rests on the forward frame of the adaptor and is secured by 
a clampband. The latter consists of a metal strip which holds in place a 
series of clamps hooked on to the payload and adaptor frames. The pre- 
loading of the band ranges between 15 000 and 28 000 N. At separation, 
the band is severed in three places by three explosive charges mounted 
on the adaptor, the pieces remaining captive to the adaptor. The satellite 
is forced away from the launch vehicle by six actuators forming part of 
the vehicle and bearing on the payload rear frame. At integration, the 
actuators are restrained by bolts, so that no force is applied to the pay- 
load during assembly. Once the clampband is fitted and the bolts are 
withdrawn, each actuator exerts a force of less than 900 N on the rear 
payload frame. 


Orientation of the payload with respect to the launch vehicle is by an 
indexing pin on the Z axis (fig. 3.3a). 


On the adaptor forward frame, two areas are reserved as a bearing sur- 


face for the payload-separation sensors, which indicate the actual in- 
stant of separation (fig. 3.3b). 
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The type 1194 adaptor has a mass of 43 kg. 


Figure 3.6a gives the dimensions of the payload-frame butt. Apart from 
correct observance of these dimensions, this frame must be executed in 
an aluminium alloy having the following mechanical specifications : elas- 
tic limit 0.2 % 225.10” Pa ; breaking stress 40.10’ Ра. 


The clampband introduces an angular flexibility at the vehicle/payload 
interface of between 1 and 2.10 ° rd/Nm 


Adaptor 937 (figs. 3.7 to 3.12c) 


In this version, the payload adaptor is a structure in the form of a trun- 
cated cone, with an alignment diameter of 937 mm in the payload sepa- 
ration plane. It is attached to the VEB by a bolted connector frame, and 
also enables payload separation. 


This adaptor can be used with payloads whose interfaces are compatible 
with the Thor-Delta (37” adaptor) and the Pam-D. 


The type 937 adaptor has a mass of 46 kg. 


Adaptor 1497 (figs. 3.13 to 3.16) 


In this version, the payload adaptor is a structure in the form of a trun- 
cated cone, the connection with the payload being by means of bolts, 
arranged on a circle of 1497 mm. It is attached to the VEB by means of a 
bolted frame. 


This adaptor can be used with payloads whose interfaces are compatible 
with the Centaur stage. It does not enable payload separation. 


The type 1497 adaptor has a mass of 26 kg. 


Sylda dual-launch adaptor 


See chapter 7. 


Other adaptors 


Adaptors other than those described above can be used on Ariane. The 
constraints applicable to any such alternative adaptor are described in 
figure 3.17. This shows the volumes reserved for the bay equipment, 
and the 3rd-stage insulating diaphragm. The adaptor is bolted on to the 
VEB forward frame. 


Orientation is by 2 indexing pins. Figure 3.17 also shows the dimensions 
for the adaptor rear frame. Apart from correct observance of these 
dimensions, this frame must be executed in aluminium alloy. 
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FIG. 3.7 937 ADAPTOR 
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FIG. 3.8 
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FIG. 3.9 937 ADAPTOR 


{Will be published in a subsequent issue) 
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FIG. 3.10 937 ADAPTOR 
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FIG. 3.11 937 ADAPTOR 
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FIG. 3.13 1497 ADAPTOR 
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FIG. 3.14 1497 ADAPTOR 
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FIG. 3.15 1497 ADAPTOR 
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FIG. 3.16 1497 ADAPTOR 
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Symbols for shape and position tolerances extracted from the В.Е. Aero 772 75 norm, 
approved by BNAE. 


TOLERANCE APPLICATIONS 


Linear 

Planar 

Circular 

Cylindrical 

Any particular line 
Any particular surface 


Parallel 


ORIENTATION | Perpendicular 
Inclined 


Location of an element 
POSITION Concentric and coaxial 
Symmetrical 


The frame is attached to the element subjected to the tolerance and features the necessary 


positions to specify the following indications. 


3 


Capital letter 
Value of the characteristic of the 
tolerance in mm reference element 


те if necessary 


EM 
(O19 0, | A | 


FIG. 3.18 — EXPLANATION OF SYMBOLS 
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Note 1 : Adaptor axial rigidity must be > 5. 10° N/m (the end frames 
being radially free). 


Note 2: Vents having а total surface area Уу 1520 тт? must be provid- 
ed in the adaptor skin. a 


Nose fairing 
Description 


The Ariane nose fairing (see figs. 3.19 a, b and c) is a structure 8653 mm 
high, with an external diameter of 3200 mm, made up of two half-shells. 
It comprises three parts. The forward cone, surmounted by a hemispher- 
ical nose, is made of light alloy with cork protection. The cylindrical por- 
tion has a metal skin, stiffened by frames and stringers. It is 4 m long. 
The rear portion forms a boat-tail section whose diameter is reduced 
from 3200 mm to that of the VEB (2600 mm). It is made of phenolic resin 
honey-comb sections, reinforced with metal stringers. This portion has 
good radio-transparency characteristics (see para. 3.5.8.). 


The fairing is attached to the VEB by its rear frame, which fits into a 
groove on the VEB forward frame, and is held in place during flight by a 
jettisonable clampband. 


Fairing separation is obtained by means of a pyrotechnic cord, located 
close to the plane joining the two half-shells. 


This cord shears the rivets connecting the two parts, and imparts a lat- 
eral impetus to the two half-fairings, driving them apart by a piston 
effect. The gases generated by the system are retained permanently 
inside an envelope, thus avoiding any contamination of the payload by 
the separation system. 


Acoustic protection 

Acoustic protection may be fitted inside the fairing. 

It is made up of a number of ” blankets ” fitted to the elements of the 
cylindrical portion of the fairing : see figures 3.20a and b. The structure 
of a blanket is shown in detail in figure 3.20a. Specially shaped blankets 


may also be fitted to the fairing doors. 


The acoustic blankets do not encroach on the useable volume defined in 
paragraph 3.1.2.3. 
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FIG. 3.21 b USABLE VOLUME UNDER FAIRING 
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РІС. 3.21 с USABLE VOLUME UNDER FAIRING 
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Useable volume 


The free volume inside the fairing available to the payload, known as the 
” useable volume ", is shown in figures 3.21a, b and c (the useable 
volume for non-standard adaptors is shown in fig. 3.17). This volume 
constitutes the limits that the payload must not exceed, having regard to 
manufacturing tolerances and payload distortions due to static and 
dynamic loads in flight. 


This volume assumes an infinitely rigid payload, but allowance has been 
made for the flexibility of the fairing and of the payload adaptor under 
the static and dynamic loads encountered in flight. 


Figure 3.21a also shows, as an example, the useable volume for a pay- 
load having a first transverse frequency of 10 Hz. 


Where payload flexibility is greater, or where elements of the payload 
are critical, the compatibility of the payload dimensions with the useable 
volume will be studied in greater depth, by coupled dynamic analysis 
(see chapter 6). 


f used, the umbilical-plug extraction system inside the fairing 
encroaches on this volume (see para. 3.5.2.2.). 


Payload accessibility 


Figures 3.22a and b show a projection of the interior of the fairing. They 
show which areas are authorized, subject to negotiation, or prohibited 
for location of the fairing doors. The standard version includes two 
metal doors per half-fairing, with an effective aperture 487 mm high and 
458 mm wide (equivalent to 3 cylindrical elements). The height of each 
door is demarcated by 2 consecutive frames, and its width by 2 string- 
ers. Rules covering adjacent door proximity are illustrated in the follow- 
ing diagrams : 


Based on the 
location of 
door [1] the 
authorized 
and 
prohibited 


locations of 


door are 


shown 
successively 


AUTHORISED PROHIBITED 
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No access doors are includod in the forward cone. In the boat-tail sec- 
tion (fig. 3.22c), four radio-transparent doors give access to the equip- 
ment in the VEB. 


They may also be used to provide access to the payload. If requested, 
the fitting of an additional door in this section can be considered. 


Mass - Alignment - Inertias 
Payload mass 


The total payload mass in launch configuration, deduced by weighing 
when the payload is ready for assembly with the launch vehicle, must 
not exceed by more than 2 per thousand the maximum value quoted for 
the final version of the launch-vehicle flight plan. This value must be 
notified at latest 8 months ahead of launch, with a maximum tolerance 
of + 1 96 (see chapter 6). 


Payload alignment 


In the three-axis system OA, X, Y, Z parallel to the vehicle reference axes 
passing through the centre of the launch-vehicle/payload separation 
plane, the centre of gravity of the payload must be at a height Xg anda 
distance d from the axis OAX. If Mcu is the mass of the payload, the 
user must design the latter so that : 

d.Mcu < 150 m.kg for non-spinning satellites 

d < 0.010 m for spinning satellites 


static unbalance 
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Axial load 


- Compression 


Payload mass Mcu: 1700 kg 
Payload CG height above mounting plane: 2m 
Loads as in para 3.4.1.4. 
Та) 1700 x (-3.5) х 9.81= 258 370 (М) 
1700 x 2 x 9.81 = 66710 (N.m) 
1b) 1700 x (-0.3) x 9.81 = 5 000 (N) و‎ 


2a) 1700 x (—7.9) x 9.81— -131 750 (N) 
1700 x 2x 1 x 9.81 = 33 350 (N.m) 
2b) 1700 x (43.2) x 9.81= +53 370 (N) GS 4 


+ tension 


FIG. 3.23 a LIMIT LOADS 1194 ADAPTOR AT ADAPTOR/PAYLOAD INTERFACE 
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Axis load 


10°м ; 
— compression 
-8 
-7 
-(6,85) 
-6 
-5 
-4 
-3 
22 
-1 | 
N | 
`N ! 
ES | Moment 
Loco РЕ ۾‎ 
(304 10°N.m 
+1 
EXAMPLE 
| 
+2 
Payload mass Мси + adaptor: 2500 ka 
CG height above mating plane: 2.6 m 
Loads as in para. 3.4.1.4 
43 1а) 2500 х {- 3.5} x 9.81 = -85 840 (N) 
500 x 2. x9.81 .. 127 500 (N. 
1b) 2500 x (-0.3) x Sats _. 7 360 (NF x 2.6x 2 x 9 : d 
(36) 2а) 2500x( 7.9)x9.81— „193 750 (N) 
500 x 2.6 x 9.81 ; 63 750 (Nm) 
20) 2500 x ( 3.2) x 9.81: 4 78 480 (NJ O X 26 * | 
xi Nein сс ты ыл E = - 


+ tension 


FIG. 3.23 b LIMIT LOADS ON LAUNCHER AT PAYLOAD ADAPTOR/VEB INTERFACE 
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Furthermore, the pair of values (Mcu, XG) must be such that the forces 
on the launch-vehicle/payload interface (bending moment and normal 
force) remain within admissible limits, as defined below, using the quasi- 
static load values indicated in para. 3.4.1.4.2. : 


figure 3.23a with adaptor 1194 

figure (TBD) with adaptor 937 

figure (TBD) with adaptor 1497 

figure 3.23b with non-standard adaptor 


If the payload cannot meet these specifications, the payload authority 
must request the Ariane authority to examine the repercussions on the 
launch vehicle. 


Payload inertias 


The permitted ranges of pitch, yaw and roll inertia values are wide, and 
no specification is therefore laid down in this manual. Once these values 
are known, however, they must be accurate to within 10 96. 


If the payload is spun up at 10 rpm, the dynamic unbalance, correspond- 
ing to the angle between axis OAX and the main roll inertia axis, must be 
less that 1 degree. 


Kinematic conditions at separation 


Between 3rd-stage propulsion cut-off (H3) and payload separation (H4) 
commanded by the launch vehicle at latest 3 minutes after H3, the 3rd- 
stage SCAR (Attitude and Roll Control System) enables the composite 
to execute various manœuvres in accordance with the following stan: 
dard sequences, selected by the user : 


* Sequence A (spin-up) : 
Orientation of the XXn launch-vehicle axis in accordance with the direc- 
tion required by the user, followed by spin-up on this axis to a rate not 
exceeding 10 rpm and in the direction selected by the user. Execution 
of these manceuvres takes about 2 minutes. 


* Sequence B (3-axis stabilized) : 
Orientation of the launch-vehicle axes according to the directions re- 
quired by the user. Execution of this manceuvre takes about 1 minute. 


In both cases, the desired direction must be defined by reference to the 
following three axes : 


u: radius vector with its origin at the centre of the Earth, and passing 
through the intended orbit perigee. 

v: perpendicular to и in the intended orbit plane, having the same 
direction as the perigee velocity. 

w: perpendicular to u and v, such that u, v, w form a direct trihedron. 
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The orientation required by the user can be adjusted to take account of 
the launch time. In this case, the user must supply details of the orienta- 
tion required at the start and the end of the intended launch window. 
This orientation will be interpolated between these two values, for a 
given launch time. 


If a type 1194, 937, or 1497 adaptor is used, the launch-vehicle/payload 
clampband is then released, and the separation actuators impart to the 
payload a velocity relative to the launcher of at least 0.5 m/s. 


If a non-standard adaptor is used (see para. 3.1.1.5.), the relative sepa- 
ration velocity of the payload with respect to the launch vehicle must be 
at least 0.5 m/s. Paragraphs 3.5.2.3. and 3.5.3. indicate the electrical 
interface details which must be observed for non-standard adaptors, in 
particular with respect to command signals from the launch vehicle, and 
their transmission to the payload-separation devices. 


After separation of the payload, the launch vehicle can manceuvre to 
eliminate any risk of collision. 


Figure 3.24 (sequence A for 3 types of typical mission, and 4 spin rates) 
and figure 3.25 (sequence B for missions described parametrically), give 
the kinematic conditions of the payload with respect to nominal, imme- 
diately after separation, namely when the last actuator of the separation 
system loses contact with the rear frame of the payload. 


Environment imposed on the payload 
Mechanical loads induced by the launch vehicle 
General presentation 


During flight, the payload is subjected to static and dynamic loads induc- 
ed by the launch vehicle. 


Such excitation may be of aerodynamic origin (wind, gusts, buffeting at 
transsonic velocity), or due to the stage propulsion systems (longitudi- 
nal acceleration, thrust build-up or tail-off transients, structure- 
propulsion coupling, control limit cycling, etc.). 


The loads quoted in the following paragraphs should be considered as 
extreme in-flight loads, applying to the payload. The corresponding pro- 
bability of those figures not being exceeded should be taken as 97.7 96 
(29 estimate). 


In the following paragraphs, the payload base is defined as the top of the 
payload adaptor used. 
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Actual moment of inertia 

Desired moment of inertia 

Payload longitudinal inertia main axis 
Payload longitudinal geometric axis 
Moment of inertia offset 

Nutation half-cone angle 

Dynamic unbalance angle 

Spin rate 

Payload mass 

Distance of CG from mounting plane 
M ain roll inertia 

Main yaw / pitch inertia 

Distance of CG from X axis 


Mission Н тах" © тах* 60), max* 
(degrees) (degrees) (rpm) 


1700 kg 
2m 


800 kg m? 
2000 kg m? 
0.010 m 
1 degree 


1350 kg 
1.5m 

550 kg m? 
1100 kg m? 
0.010 m 

1 degree 


1000 kg 
0.7 т 
300 kg m? 
300 kg m? 
0.010 m 

1 degree 


* 99.73% maximum value obtained in 1000 cases 


FIG. 3.24 KINEMATIC CONDITIONS AFTER SEPARATION 
WITH PAYLOAD SPIN-UP (A SEQUENCE) 
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Depointing of payload longitudinal geometric axis (parallel to launch vehicle axis XXN) : 


mean value : 


99.73 % value: 


0.36? 


1.09 


Depointing of payload transverse geometric axes : 


mean value : 


99.73 % value : 


0.36? 


107 


Angular velocity round payload longitudinal geometric axis : 


mean value : 


99.73 % value : 


FIG. 3.25 


3.54 


0.09 /s 


+ 0.59 /s 


Transverse angular velocity (4) т: (97) 
M eu : payload mass (kq) 
I : payload lateral inertia (колт 2) 


d: lateral eccentricity of Cof G (m) 


m 
cu (where m = 1460 Ка) 


u = 


KINETIC CONDITIONS AFTER SEPARATION 
WITHOUT PAYLOAD SPIN-UP (B SEQUENCE) 
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Static acceleration 


The static longitudinal acceleration profile is given in figure 3.26, during 
the flight of the first two stages. This figure relates to the geostationary 
mission, but other missions vary only slightly. Maximum longitudinal 
static acceleration during 3rd-stage flight is 1.8 g, for the geostationary 
mission. 


Lateral acceleration is negligeable, and is therefore ignored. 


Dynamic environment 
Longitudinal sinusoidal vibrations 


The vibration level at the base of the payload is 1.5 g from 10 to 100 Hz. 
This spectrum takes account of the following : 


* pogo-type longitudinal excitation, which can occur during the flight of 
the 1st stage (11 - 18 Hz) and 2nd stage (28 - 35 Hz) 

* transient thrust-decay excitation of the first two stages in the 35 - 
100 Hz band, the maximum level occurring between 35 and 50 Hz. 


The spectrum is shown in figure 3.27. 


Lateral sinusoidal vibrations 


The vibration level at the base of the payload depends on the flight in- 
stants considered. 


During 1st-stage flight, the larger amplitude vibrations are in the fre- 
quency range of the first lateral modes of the vehicle (2 - 15 Hz), which 
are excited mainly by gusts. Their level is 1.5 g. In the 15 - 100 Hz range, 
vibrations are caused by transient thrust-decay excitation. Their level is 
1g. 


During 2nd-stage flight, the main sources of excitation are transients 
occurring on engine ignition and cut-off. Response values are higher in 
the 5 - 18 Hz range, corresponding to the frequencies of the first bending 
modes. Their level is 1 g. In the 18 - 100 Hz range, their level is 0.6 g. 


The sources of excitation during 3rd-stage flight are low, and do not 
induce dimensioning vibration levels. 


The spectrum of lateral sinusoidal vibrations is shown in figure 3.28. 


Random vibrations 


Random vibrations are generated by mechanical parts in movement 
(e.g. turbopumps), combustion phenomena or structural elements 
excited by the acoustic environment. Such vibrations are transmitted to 
the payload via the launch-vehicle structures. 


The spectrum is shown in figure 3.29, and is applicable to all axes. The 
rms level is 7.3 g. 
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FIG. 3.26 LONGITUDINAL STATIC ACCELERATIONS 
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FIG. 3.27 SINUSOIDAL LONGITUDINAL VIBRATIONS (FLIGHT LEVELS) 
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FIG. 3.28 SINUSOIDAL LATERAL VIBRATIONS (FLIGHT LEVELS) 
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Acoustic vibrations 


Acoustic vibration is generated by engine noise, buffeting and 
boundary-layer noise. It is maximum at lift-off and in the vicinity of the 
transsonic (about 66 s). Outside these periods it is substantially lower. 


The maximum values encountered on the payload are shown in figure 
3.30, whether the fairing is equipped with acoustic protection or not. 


Shocks 


The payload is subjected to shocks principally during separation of the 
fairing, and on actual payload separation. 


Shock excitation occurs above 400 Hz. 


Payload design and dimensioning 
Frequency requirements 


To avoid dynamic coupling between the launch vehicle and the payload, 
steps must be taken to ensure that : 


* the fundamental bending-mode frequency of the payload, assumed to 
be hard-mounted, is greater than 10 Hz. 
* the frequencies of the main longitudinal modes exceed 40 Hz. 


It should also be noted that transient thrust-decay excitation occurring 
in the 35 - 50 Hz band can affect the secondary structures and flexible 
elements (e.g. antennae and solar panels), which should therefore be 
designed so that their natural frequencies are outside this band. 


Primary-structure dimensioning loads 


During flight, the various static and dynamic loads are superimposed. 
The design and dimensioning of the payload primary structure must there- 
fore allow for the most severe load combination that may be encounter- 
ed at a given instant of flight. From the point of view of quasi-static 
loads, the most critical instants of flight from the dimensioning point of 
view are as follows : 


* maximum dynamic pressure, 
* 2nd-stage burn-out. 


The following table combines low-frequency dynamic and static accelera- 
tion for these events. The longitudinal and lateral accelerations indicat- 
ed in the table act simultaneously at the centre of gravity of a typical 
Ariane 1700-kg payload that meets the above-mentioned frequency 
requirements and whose centre of gravity is located 2 m above the pay- 
load mounting plane. 


The following loads should be used for the preliminary definition of the 
payload. 
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r.m.s acceleration 
7.34 


FREQUENCY 


10000 H; 


FIG. 3.22 RANDOM VIBRATIONS (FLIGHT LEVELS) 
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шиш 
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without acoustic blanket INTEGRATED LEVEL 142 dB 
with acoustic blanket INTEGRATED LEVEL 137 dB 


FIG. 3.30 NOISE SPECTRUM UNDER FAIRING 
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Flight limit loads 


Longitudinal axis 
Static Lateral axis 
Maximum dynamic - 1.9 +16 1-35 +2 
pressure с 


The minus sign for longitudinal-axis values indicates compression. 
Lateral loads may act in any direction. 


Acceleration (д) 


The above loads are only valid if type 1194, 937 or 1497 adaptor are 
used (see para. 3.1.1.1), or alternatively adaptors meeting the require- 
ments of para. 3.1.1.5. 


These accelerations are applied to the greater part of the payload, but 
certain areas are subjected to higher accelerations. The distribution of 
acceleration within the payload depends on the configuration of the lat- 
ter, and the Ariane authority must be consulted on this subject. 


It is advisable to carry out a preliminary coupled analysis at this stage, in 
particular for payloads the characteristics of which would not meet the 
requirements indicated іп para. 3.4. 1.4.1. 


Dimensioning must take account of safety factors, which will be defined 
by the payload authority (the Ariane authority calls for a minimum value 
of 1.25 at rupture). 


Dimensioning of secondary structures and flexible elements 


The secondary structures and flexible elements (e.g. solar panels, anten- 
nae and propellant tanks) must be designed to withstand the dynamic 
environment induced at the base of the payload (as described in para. 
3.4.1.3.), taking account of amplification resulting from the design and 
arrangement of the payload. 


A safety factor of at least 1.5 will be assumed for the dimensioning of 
these structures. The strength of these elements and their attachment to 
the primary structure will be verified by dynamic-environment tests. 


Coupled analysis 


In all cases, coupled analysis carried out in connection with mission 
analysis (see chapter 6) will have to confirm the chosen dimensioning. 
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Payload qualification and acceptance 

The payload authority must prove that the payload meets the dimension- 
ing requirements detailed in para. 3.4.1., by means of a calculation file 
and qualification tests (see chapter 6). 


The elements needed for the test plan are described in the following 
paragraphs. The test plan will be discussed with the Ariane authority. 


The acceptance levels are representative of the flight environment de- 
scribed in para. 3.4.1.3. 

Static qualification tests 

On the basis of the study of combined loads, as described in para. 
3.4.1.4.2., the user determines the dimensioning load cases to which the 
payload structure will be subjected. The static tests will be carried out up 
to flight limit loads, multiplied by the structure-rupture safety factor. 
Sinusoidal vibration tests 


It is recommended that a factor of 1.5 be used for qualification tests. 


The qualification and acceptance levels applied at the base of the pay- 
load are set out in the following table and in figure 3.31. 


Frequency | Qualification Acceptance 


range (Hz) level (0-peak) | level (0-peak) 
Longitudinal 5 - 10 | 5.7 mm 3.8 mm 
10 - 100 2.25 9 1.59 
Latéral 5-7 11.6 mm 7.7 mm 
7-15 2.25 g 154 
15 - 100 | 15 4 109 


If a payload does not meet the lateral-vibration requirements at frequen- 
cies above 10 Hz, the figures given above for lateral vibration at low fre- 
quencies will have to be redetermined. 


It is advisable for each test to be preceded by a low-level vibration test, 
in order to detect payload resonant frequencies and check possible 
notching procedures. 

The sweep rate is 2 octaves/minute for qualification, and 
4 octaves/minute for acceptance testing. 


Notching 


Notching procedures are generally accepted during sinusoidal vibration 
testing. The following principles shall apply to their execution : 


Issue 1980 - Rev. 0 3.63 


g ACCELERATION (peak) 


| goce. " ! 
| T 1 - | | Lp 
Б хо Me MD 
Н | ; | 
i 1 
| | 
i | -4 РЕ 
i 
| (и от ا‎ UNS КЕ E сүн 
! : 
| + St ET. па БЕЗ T | 
| | | 
| 
х ا ا ا ا ل‎ 
1 
I i | 
| | I 
i = аа ا ا اوا‎ —+ 
Longitudinal 


| 
| | || 


| AME 
| | FREQUENCY 


2 3 4 5 6 7 89 10° 
н, 


FIG. 3.31 -- SINUSOIDAL ACCELERATIONS 
QUALIFICATION LEVELS 
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a) The excitation level during the sinusoidal vibration test can be 
reduced, so as to remain within the dimensioning limits for the primary 
structure. 


b) In the light of the requirements of para. 3.4.1.4.1., notching is not 
authorized for longitudinal sinusoidal tests in the 11 - 35 Hz band. 


c) During lateral sinusoidal testing, the maximum bending moment at 
the base of the payload can be limited to the maximum bending mo- 
ment determined by coupled analysis. 


d) Notching procedures authorizing a reduction in vibration levels at the 
resonant frequencies of secondary structures or flexible elements 
(antennas, solar panels, etc.) can only be allowed in the light of the 
results of coupled analysis. In this case, modelling of the payload 
must be representative of the secondary structure or flexible elements 
concerned, and be validated by results of low-level tests. 


These notching procedures must be discussed with the Ariane author- 
ity, and indicated in the payload environmental test plan (see para. 
6.1.4.). 


Random vibration tests 


The random-vibration test levels are as follows : 


Frequency Density ЕЕ 
range (Hz). (g?/Hz) ща value (g) 
30 - 150 + 6 dB/Oct 11 | 
Qualification 150 - 700 0.09 
700 - 2000 | —3dB/Oct | ` _ _ 
30 - 150 + 6 dB/Oct 
Acceptance 150 - 700 0.04 7,3 
700 - 2000 |. = 3 dB/Oct M 


The levels are identical for longitudinal and lateral vibration. Test time is 
3 minutes per axis for qualification, and 2 minutes per axis for accep- 
tance testing. 


с 
al 
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Acoustic vibration tests 


The time for the acceptance tests is 1 minute. The levels indicated in the 
following table allow for test-equipment accuracy. 


Level dB (ref. 2.10 ° Pascal) 


Octave Without Test With Test 
band acoustic tolerance acoustic tolerance 
((Centre iprotection protection 
frequency) (Hz) 
31.5 113 
63 119 
125 131 
250 136 
500 139 
1000 133 — 2/ + 
2000 128 — 2/ + 
4000 121 — 5/ + 
8000 120 — 5/ + 
Overall 
level 142 — 1/.+ 3 


The qualification test duration is 2 minutes, levels being 4 dB greater 
than the acceptance levels given above. 


Shock tests 


The shock test involves igniting the pyrotechnic separation system, in 
the presence of the payload adaptor, twice for qualification and once 
only for acceptance testing. 


Thermal and climatic environment 


Environment in payload facilities 
(See para. 4.6 and fig. 4.28). 


Ground environment within the fairing 


After the fairing has been fitted, the payload compartment is air- 
conditioned (see fig. 3.32) throughout the launch operations, both out- 
side and inside the tower. This ventilation, which is supplied via the fair- 
ing umbilical, is continuous until lift-off. It characteristics are as fol- 
lows : 


е temperature of air injected 


under the fairing .............. adjustable between 15° and 20° C 
е relative humidity ...... Sab sia « 15 96 
e filtration ..................... class 100 000 (US Fed Std 209b) 
® air НОМ ...................... 3 000 kg/hour 
* air circulation velocity .......... 42 m/s 
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FIG. 3.32 COOLINC UNDER FAIRING 
{Will be published in a subsequent issue) 
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The temperature of the air injected under the fairing can be adjusted at 
the user's request, between 15? and 20? C, once and once only during 
the waiting time. 


The temperature of the fairing inner face never exceeds 35? C, irre- 
spective of waiting conditions (inside or outside the tower). 


Typical temperatures for the VEB equipment and the diaphragm separat- 
ing the 3rd stage from the VEB are given in figure 3.33. 


The noise level generated by the ventilation system does not exceed 
80 dB as a general rule. Transient phenomena during start-up or shut- 
down may generate higher levels. Any such transients only last a few 
seconds. 


Local ventilation can be provided at the user's request. 
in-flight environment within the fairing 


Temperature and flux variations 


The flux density radiated by the fairing and the VEB does not exceed 
500 W/m? at any point. Figure 3.34 shows how the structure tempera- 
ture varies at different points of the fairing, with and without acoustic 
protection, and figure 3.35 shows the corresponding variation of radiat- 
ed flux density, the emissivity ( € ) of the internal surfaces being : 


nose : = 0.1 
forward cone and cylinder : = 0.2 
rear cone : = 0.7 
acoustic protection : = 0.8 


These values are calculated for a trajectory corresponding to a geosta- 
tionary mission, assuming a dispersion for all propulsion characteristics 
of two standard deviations. 


Variation of static pressure within the fairing 


Figure 3.36 shows the variation of static pressure within the fairing, as 
an envelope curve for the various typical missions described in 
chapter 2. 


Aerothermal flux at fairing jettison. 


For all missions, the nominal instant of jettisoning the fairing is determi- 
ned so that aerothermal flux, calculated as a free molecular flow acting 
on a plane surface perpendicular to the direction of velocity (atmosphere 
US 66, latitude 15° North), is less than 1135 W/m2, with a probability of 
99.87 96. 
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@ Temperature before 
Y Ф lift-off 
[70°C] Temperature at end of flight 


Equipment temperatures are indicated only if they exceed 450 
at end of flight or 359 before lift-off 


Structure temperature is lower than 359C 
Structure and VEB equipment emissivity £ = 0.9 
Membrane emissivity € = 0.7 


FIG. 3.33 — VEB TEMPERATURE MAP 
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FIG. 3.34 INTERNAL TEMPERATURES OF FAIRING STRUCTURE 
WITH AND WITHOUT ACOUSTIC BLANKET 
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With c | Without 
Acoustic (E ‚ Acoustic 
Blanket | Blanket 
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FIG. 3.35 FLUX EMITTED BY FAIRING STRUCTURE 
WITH AND WITHOUT ACOUSTIC BLANKET 
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PRESSURE UNDER FAIRING 


FIG. 3.36 PRESSURE UNDER FAIRING 
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The performance values given in chapter 2 are calculated on the basis of 
the jettison conditions defined above. An aerothermal flux value other 
than 1135 W/m? may be obtained by varying the instant of jettisoning 
the fairing. 


Solar-radiation flux, albedo and terrestrial infrared must be added to this 
aerothermal flux. In calculating the incident flux on the payload, account 
must be taken of the altitude of the launch vehicle, its orientation (see 
figs. 2.9, 2.11, 2.15 and 2.17), the position of the sun with respect to the 
launch vehicle, and the orientation of the payload surfaces considered. 


Contamination 


The materials used in the upper part of the launch vehicle close to the 
payload (e.g. VEB and fairing) do not generate an organic deposit on the 
payload of more than 2 тд/т?, measured in accordance with procedure 
PSS-15/QRM-05 T (“ Detection of organic contamination of surfaces 
by infrared spectroscopy techniques "'). 


The acoustic insulation of the fairing is such that outgassed mass is less 
than 1 96 of total mass, and condensable volatile materials are less than 
0.1 96 of total mass, measured in accordance with procedure PSS- 
09/QRM-02 T, Issue 2 (7 A screening test method employing a thermal 
vacuum for the selection of materials to be used in space "'). 


The integrated particle flux emitted by the pyrotechnic system and retro- 
rockets of the 2nd stage is less than 1 g/m2 at payload level. These 
systems do not generate organic deposits exceeding 2 mg/m? on the 
payload. 


The fairing-separation pyrotechnic system is leak-proof and does not 
cause any contamination. 


Electrical and radio interface 
Earth-potential continuity 


Close to the separation plane, the payload must have an Earth reference 
point on which a test socket can be mounted. The resistance between 
any metal element of the payload (equipment housings, structure, etc.) 
and the reference point must be less than 10 то for a current of 10 mA. 


No payload surface in contact with the adaptor must undergo any treat- 
ment or protective process creating a resistance greater than 10 mQ for 
a current of 10 mA, between the payload reference point and that of the 
adaptor. 
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Payload umbilical 
Standard umbilical for single launch 
Adaptor type 1194 


The standard payload umbilical link is via 2 connectors, P1 and P2, locat- 
ed in diametrically opposite positions in the payload/adaptor separation 
plane. The mechanical interface for these umbilical connectors is defin- 
ed in figures 3.3c, 3.5 and 3.6c, figure 3.7 illustrating the principle of 
the umbilical link. 


At the launch-vehicle end, the link has two Deutsch 37-pin male connec- 
tors (DBAS 79-37 O-PN) for the standard version. These connectors are 
wired to the VEB external umbilical plug : 


* via cables specific to the adaptor, terminating in interface connectors, 
* via standard VEB cables linking the interface connectors to the exter- 
nal umbilical plug. 


These interface connectors are used to separate the wires providing the 
umbilical links to the external umbilical plug, the telemetry acquisition 
unit (see para. 3.5.4.), and the VEB command unit (see para. 3.5.2.3.). 


The Ariane authority will supply the user systematically with the female 
parts (Deutsch DBAS 70-37 OSN! of umbilical connectors P1 and P2 to 
be mounted on the payload flight model. Maximum insertion or extrac- 
tion load is 230 N per connector. 


Figure 3.38 indicates the availability of umbilical connections between 
the VEB and the VEB mast junction box. 


Adaptor type 937 


For a single launch of a payload using a type 937 adaptor, the latter 
incorporates an umbilical link with two connectors, P1 and P2, located 
in diametrically opposed positions in the separation plane. The mechani- 
cal interface for these umbilical connectors, outside the payload lower 
frame, is defined in figures 3.7, 3.9, 3.11 and 3.12c. 


Adaptor type 1494 


TBD 


Optional umbilical for single launch 


The user can be provided with an umbilical link passing through the fair- 
ing. At the fairing end, this link has one (or two) 27-pin male connectors, 
P3 (and P4), types Deutsch DBAS 78-27-0-PN and DBAS 78-27-0-PW 
respectively. Figure 3.39 shows the area authorized for the payload 
connectors, and the mechanical interface. These connectors are linked 
to the fairing external umbilical plug via cables made up to suit user 
requirements (types and numbers of conductors). 
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Connectors P3 and P4 are ejected in flight, at fairing jettison, parallel to 
the OC axis (see fig. 3.39, with a tolerance of + 5°. Maximum pull on 
extraction is 180 N per plug. 


The Ariane authority can supply the user with the female parts (Deutsch 
DBAS 70-27-0-SN and 70-27-0-SW) of umbilical connectors P3 and P4, 
for mounting on the payload flight model. 


Figure 3.40 shows the availability of connections between the fairing 
and the payload mast junction box. 


Separation commanded by payload. 


A redundant pyrotechnic command can be generated by the VEB com- 
mand unit, on an order from the on-board computer, to control the 
separation system (maximum 3 initiators : 1A, 1W, no-fire), supplied by 
the payload. In this case, the interface must be defined case-by-case 
with the Ariane authority. 


Standard umbilicals for Sylda dual launch 


(see chapter 7) 


Pyrotechnic and electrical commands generated by VEB 


Characteristics of pyrotechnic commands (for initiator 1A, 1W, no-fire) : 


* battery voltage : 14.4 + 2V 
* current per initiator : 3 to 3.5 A 
* command length : 300 ms 


Characteristics of electrical commands : 


* 3 redundant electrical commands, with their associated ground 
commands, can be assigned to the payload : 
- voltage : 28 + 4 V 
- current : <0.5 А 


Payload measurements transmitted by launch vehicle 


The VEB telemetry system sends status signals concerning satellite 
separation, provided by microswitches on the launcher. 


In the case of the type 1194 adaptor, two pins of one of the two connec- 
tors must be strapped at the payload end. 


In the case of the type 937 adaptor, microswitches located inside the 
springs that distance the satellites enable telemetering of the separation. 


In the case of a single-payload launch for which the optional umbilical 


link via the fairing has been requested, no provision is made for teleme- 
tering payload separation. 
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The user can call for in-flight transmission of measurements made on 
the payload, by the VEB telemetry system using transducers powered 
from the VEB. Interface conditions are as follows : 


* in the payload/VEB separation plane, a number of wires in the payload/ 
VEB umbilical links can be used for supplying power to the sensors and 
for the transmission of measurement data. | 


* VEB power-supply characteristics for payload sensors (on interface 
connectors) : 
- voltage : 28 + 4V 
- current : < 0.5А 


® capacity of measurement plan for single launch : 
9 two-wire measurements (HNBD and BNBD) 
6 one-wire measurements (HNMD) 
7 time-signal channels ( < 0.5V) 


HNBD : High Level Bipolar Unbalanced 
(“ Haut niveau bipolaire 
vdissymétrique"') 


Analog signal, 0-5 V, 
bipolar input. Source 
balanced with respect to 
acquisition-unit zero volt- 
age 
Analog signal, 0-20 mV, 
bipolar input. Source 
balanced with respect to 
acquisition-unit zero volt- 
age 


BNBD : Low Level Bipolar Unbalanced 
(“ Bas niveau bipolaire 
dissymétrique") 


HNMD High Level Monopolar Unbalanced 
(“ Haut niveau monopolaire 
dissymétrique"') 


Analog signal, 0-5 V, 
monopolar input, with 

low connected to acqui- 
sition-unit zero voltage 


Umbilical cable for testing without fairing. 


When the payload has been erected, and before the fairing is placed in 
position, link 1 (see fig. 3.37) is established from the payload mast junc- 
tion box, using the umbilical cable connected to a patch panel, and an 
extension cable from this panel to payload connectors P3 and P4. 


The Ariane authority supplies the umbilical cable and patch panel, which 


is mounted on PF8 of the tower close to the payload. The user must 
then supply the cable connecting his payload to this patch panel. 
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Payload mast junction box - Launch Centre Connections 


The connection from the payload mast junction box to the Launch Cen- 
tre comprises the following parts : 


* mast cable : connecting the mast junction box to the patch- 
board at the Forward Test Post (FTP) near the 
foot of the mast. These cables are approximate- 
ly 150 m long. 

е ground cables connecting the FTP patchboard to the patch- 
board in the Launch Centre. These cables are 
approximately 250 m long. 

e internal cables 

in the Launch 
Centre 


Figure 3.41 shows the availability of connections between the payload 
mast junction box and the Launch Centre. 


Patching of connections between the payload check-out racks in the 
Launch Centre and a payload mounted on the launch vehicle is via : 


e payload patchboard in the Launch Centre, 

* patchboard in the forward test post, 

* payload mast junction box, 

* VEB mast junction box for single or lower satellite. 


Connections with the launch-vehicle checkout system 


Connections can be established from the payload patchboard to the 
checkout system, providing the following possibilities during count- 
down : 


® transmission by the vehicle checkout system of a maximum of 10 
commands (for controlling relays or completing circuits) at times to be 
defined with the user, and using a voltage supplied by the payload 
checkout system. 

* reception by the vehicle checkout system of a maximum of 10 status 
signals (go-no-go), generated by the payload checkout racks, and 
scanned by the vehicle checkout system at times to be defined with 
the user. 


The vehicle checkout system distributes universal time and countdown 
to the payload checkout racks in the Launch Centre. 


Radiotransparency of fairing 


In the standard version of the fairing, the boat-tail section is made of di- 
electric material, thus providing radio transparency on the ground and in 
flight, for payloads having an antenna system radiating through the 
lower part of the fairing. 


The insertion loss of the material used in the boat-tail section is less than 
2 dB in the 136-150 MHz and 2100 - 2300 MHz frequency bands. 
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According to the configuration of the antenna systems used by the pay- 
load, additional studies can be undertaken and the following options are 
possible : 


* location of radiotransparent windows in the area authorized for the 
fitting of access doors in the cylindrical section (see figs. 3.22a and b) 
of the fairing, or location of transfer antennas on the fairing skin, 

* for ground checkout of the payload, location of radiofrequency re- 
peaters near the fairing, to eliminate, if necessary, the masking effect 
of the servicing tower on transmissions between payload and payload 
checkout system. 


The design of the set-up requested by the user may be verified with the 
aid of a 1/5-scale satellite and fairing mockup. 


Payload installation for launch phase 


During the final preparation phase leading up to actual launch, the user 
must so install his payload that the umbilical cables are only carrying 
very low currents at the moment of lift-off (for example less than 150 mA 
at 30 V for a resistive circuit). In particular, battery charging must be 
stopped several minutes (for example 8 min.) before lift-off. Where 
ground power supplies are used, these must be cut off at latest 1 minute 
before launch. 


During the powered phase of the launch vehicle and up to separation of 
the payload(s), no telecommand signal can be sent to the payload(s), or 
generated by an on-board system (sequencer, computer, etc.). To com- 
mand operations on the payload immediately after separation from the 
launch vehicle, microswitches or telecommand systems can be used. 
Initiation of operations on the payload after separation from the launch 
vehicle, by an on-board payload system, preprogrammed before lift-off, 
is not authorized. 


Radio compatibility 


In order to ensure the radio compatibility of the launch vehicle and pay- 
load, a frequency plan will be drawn up for each launch. The user will be 
required to supply all data needed for preparation of this plan (see para. 
4.4.9 of the ” Application to use Ariane ”, reproduced in para. 6.4. of 
this Manual). 


The launch vehicle is equipped with the following transmission and 
reception systems : 


* À telemetry system with the transmitter in the VEB and an antenna 
system comprising two antennae located on the cylindrical section of 
the bay, having an omnidirectional radiation pattern and no special 
polarization. The transmission frequency is in the 2200 - 2290-MHz 
band, and the transmitter power is 20 W. 

* A telecommand-destruct reception system, comprising two receivers 
operating in the 420 - 450-MHz band. Each receiver is coupled to a 
system of two antennae, located on the VEB, having an omnidirec- 
tional pattern and no special polarization. 


Issue 1980 - Rev. 0 3.83 


Launch vehicle/ 
payload interface chapter 3 


* A radar transponder system, comprising two identical transponders 
with a reception frequency of 5690 MHz, and transmission frequencies 
in the 5400 - 5900-MHz band. The minimum transmitting power of 
each transponder is 400 W peak. Each transponder is coupled to a 
system of two antennae, located on the VEB, with an omnidirectional 
pattern and clockwise circular polarization. 


Any spurious radiation from the launch vehicle transmission systems is 
limited so that electrical fields 0.5 m above the payload separation plane 
(using a type 1194 adaptor) do not exceed the following limits : 


discrete in wide band : 
frequencies : 


148 to 150 MHz 15 dBuV/m 25 dBuV/m/MHz 2 
2024 to 2121 MHz 35 dBuV/m 40 dBuV/m/MHz 1/5 


Ѕригіоиѕ radiation from the launch vehicle to the ground is limited to 
— 55 dBW on discrete frequencies in the frequency bands normally 
used by payloads for satellite-to-ground links. 


Spurious radiation from the payload must not produce electrical fields 
exceeding the following limits, on the VEB antennae (1 m below the pay- 
load separation plane! : 


In the telecommand-receiver 420 - 450 MHz band round its working fre- 
quency f : 


f — 0.5 MHz to f + 0.5 MHz: 20 dB uV/m measured with а 
bandwidth of 200 kHz. 

f—1 MHztof — 0.5 MHz 35 dBuV/m measured with а 

f + 0.5MHztof + 1 MHz bandwidth of 100 kHz 

Ғ-2 MHztof - 1 MHz 55 dB uV/m measured with a 

f +1 MHztof +2 MHz bandwidth of 100 kHz 

f - 3 MHztof - 2 MHz 70 dBuV/m measured with a 

f+2 MHztof +3 MHz bandwidth of 100 kHz. 


In the radar-transponder band round its reception frequency f (5690 
MHz) : 


f — 50 MHz to f + 50 MHz : 70 dB uV/m measured with a 
bandwidth of 20 MHz. 


The levels of discrete spurious radiation transmitted by the payload to 
the ground must not exceed — 55 dBW in the launch-vehicle transmis- 
sion bands. 


According to user requirements, special studies and, where appropriate, 


radio-compatibility tests can be undertaken, for the purpose of agreeing 
a waiver to the above specifications. 
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3.5.11. Electromagnetic compatibility 


An electromagnetic-compatibility study can be made for each payload. 
For this purpose, the user will supply the necessary data, and in particu- 
lar the standards that he applies (see para. 4.4.10. of the " Application 
to use Ariane "'). 


The launch vehicle meets the following electromagnetic-compatibility 
requirements : 


* The launch vehicle radiates no interference having a level exceeding 
those given in figures 3.42, 3.43 and 3.44. 


These levels are measured at 0.5 m above the payload separation plane 
(using a type 1194 adaptor), and do not take account of intentional 
transmission by the launch vehicle. 


- Figure 3.42 : Spurious radiation by launcher : narrow-band electrical 
field 

- Figure 3.43 : Spurious radiation by launcher : wide-band electrical 
field (coherent noise) 

- Figure 3.44 : Spurious radiation by launcher : narrow-band magnetic 
field 


* The payload does not radiate a narrow-band electrical field in the VEB 
(0.5 m below the payload separation plane) exceeding the limit set in 
figure 3.45 (including intentional transmission). 


The electromagnetic environment of the CSG is defined in the CSG 
Manual. 
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Launch 
operation Chapter 4 


Introduction 
General 


Ariane launches will be made from the Guiana Space Centre (CSG) at 
Kourou in French Guiana. 


This chapter describes payload operations to be executed at the CSG 
(рага. 4.2., 4.3. and 4.4.), and the facilities available to users (para. 4.6., 
4.7. and 4.8.). 


Maps of the CSG and the sites concerned with operations are shown in 
figures 4.1, 4.2, 4.3 and 4.4. 


General information concerning French Guiana is given in Annex 2. 


A detailed description of the CSG and associated equipment will be 
found in the “ CSG Manual ”. 


The CSG management is responsible to the Ariane authority for services 
relating to launch operations, as defined in the launch order (see chapter 
6). 


Definition of operations 


Operations at the CSG are executed in three phases : 


* Phase 1 : Preparation and checkout of satellite 
* Phase 2 : Hazardous operations 
* Phase 3 : Operations in the launch zone 


Phases 1 and 2 cover operations carried out in the Payload Preparation 
Complex (EPCU), and are dissociated from those specific to the launch- 
vehicle. 


Phase 3 concerns combined payload/launch-vehicle operations in the 
Ariane launch zone. 


Payload operations are covered by a satellite operations plan, prepared 
by the user. Procedures classified as ‘’ hazardous " are subject to appro- 
val by the CSG Safety Department (see chapter 5). 


The operational organization of a launch compaign is detailed in para. 
4.5. 
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Block diagram of operations 


A typical block diagram is given in figure 4.5., for guidance purposes. 


Typical time-schedule of operations 


A typical time-schedule is given in figure 4.6., for guidance purposes. 


Phase 1 - Preparation and checkout of satellite 
Unloading in Guiana 

Details of port and airport facilities are given in para. 2.5 of Annex 2, and 
are also described in the CSG Manual. Unloading is carried out by the 
port or airport authorities as appropriate. 

Transport to the CSG 

The port and airport of Cayenne are linked to the CSG by highways RN1 
and RN2. The CSG is responsible for transport within Guiana. 
Off-loading at S1 

On arrival at the CSG, the satellite in its container, together with asso- 
ciated ground equipment, are taken to the technical centre and off- 
loaded in the stores areas of building S1. 

In the satellite operations plan, the user proposes how his facilities 
should be arranged and laid out in this building. 

Storage 

The ABM in its container is stored in building PR 3. The pyrotechnic 
systems, radioactive sources and any other hazardous system of the 
same class are stored in building PY 3. Hazardous fluids are stored in the 
propellant-support zone of the Ariane launch site. 

The user states what equipment must be stored in an air-conditioned 
environment. Other equipment will be stored under cover or in the open 
air. 

In the satellite operations plan, the user proposes how his facilities 
should be arranged and laid out in the buildings. 


Installation 


Ground check-out equipment and the satellite are installed in building S1 
as follows : 
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° ground equipment : satellite checkout equipment is installed , con- 
nected to CSG facilities, and validated. 

* satellite : the satellite is extracted from its container, and installed in 
the clean zone. This can also apply to replacement flight equipment. 

Preparation and checkout 

The satellite is assembled and undergoes a functional check (non- 

hazardous mechanical and electrical tests). The satellite is complete, but 

without ABM and empty of propellants. 

Packing 

When all checks have been completed on the satellite, the latter is 

placed in its own container or the payload container (ССО), to await 

transport to the Ariane Assembly Zone. 

Block-diagram of Phase 1 operations 


See figure 4.7. 


Phase 2 - Hazardous operations 

General 

Hazardous operations are carried out in buildings S2, S3 and S4 for the 
solid-propellant ABM, and building S3 for the satellite. The liquid- 
propellant engines are prepared in the filling hall in building S3. Validation 
of certain satellite ground equipment and the filling and pressurization 
system is carried out in building S3 before arrival of the satellite. The 
satellite and the ABM are assembled in the assembly hall in building S3. 
Certain Phase 2 operations can be undertaken in parallel with Phase 1 
operations. The order and number of operations to be executed can dif- 
fer, according to the specific characteristics of each satellite. 
Pyrotechnic preparation 

Checks of the pyrotechnic systems required before assembly on the 
satellite are carried out in building S3. 

Preparation of radioactive sources 

Radioactive sources that must be checked before assembly on the satel- 


lite are taken from building PY3 to building S3. 


Preparation of ABMs 


Issue 1980 - Rev. 0 4.9 


4.10 


UNLOADING 
ROCHAMBEAU 
AIRPORT 


Satellite 
Unpacking |. 


Satellite 
Preparation 


Satellite 
Functional 
Check 


Loading into 
Satellite 
container 


FIG. 4.7 


Ground 
equipment 
Unpacking 


Validation 
Equipment & 
Facilities 


UNLOADING 


KOUROU OR 
CAYENNE 
HARBOUR 


Unpacking of 
Pyrotechnics, 
Radioactive 


Sources, etd py 3| 


Storage 


PY3 


OPERATIONS — PHASE 1 : BLOCK DIAGRAM 


Unpacking 
ABM 


Storage 


PR3 


Issue 1980 - Rev. 0 


4.3.4.1. 


4.3.42. 


4.3.4.3. 


4.3.4.4. 


4.3.5. 
4.3.5.1. 


4.3.5.2. 


4.3.5.3. 


Launch 
operation Chapter 4 


Removal from store and transport to S2 

ABMs stored in building PR3 can undergo X-ray examination in build- 
ing S4, before or after transport in their containers to building S2. 
Preparation and checks 

The ABM is assembled and checked. In particular, the pyrotechnic 


motor-ignition system is transported from building PY3 to building S2, 
for checking prior to assembly with the motor. 


Packing and transport to S3 

The ABM, assembled with its igniter, is placed in its container and 
transported to the access airlock of building S3. 

Preparation for assembly 

The ABM and igniter are extracted from the container, and placed in the 
assembly hall in building S3. 

Operations on the satellite 

Transport and installation at S3 

The satellite in its container is transported from building S1 to the access 
air lock of building S3. It is removed from its container, and mounted on 
its handling trolley in the filling hall. 

Fluid filling and pressurization 

The satellite is prepared for fluid filling and partial or complete pressuriza- 
tion. Leak tests are carried out a regular intervals, and the satellite is 


then transported to the assembly hall. 


The satellite batteries can be charged in S3, except during hazardous 
operations. 


In case of need, depressurization, purging and flushing operations can 
be carried out in the filling hall. 
Assembly of pyrotechnics, radioactive sources and miscella- 


neous items. 


Assembly of various sources of danger (pyrotechnic devices, radioactive 
sources, etc.) on the satellite is carried out in the assembly hall. 
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Assembly of satellite with ABM 

Assembly 

The ABM is integrated with the satellite, the resultant assembly forming 
the payload (" Charge Utile ” - CU). 

Balancing and weighing 


The payload is balanced if necessary. The balancing operation is carried 
out in the filling hall, on the satellite with or without its ABM and fluids. 


The payload is then weighed in the assembly hall. 


Checks and inspection 


Electrical, mechanical and arming checks can be carried out in the 
assembly hall. A final inspection is made before placing the payload in its 
container. 


Placing of payload in its container 


This operation is carried out by the Ariane authority, under the control of 
the payload authority. 


Block diagram of Phase 2 operations 
See figure 4.8. 


Phase 3. Operations in the launch zone 
General 


The launch zone comprises the launch-pad area, on which the launch 
vehicle and payload are located, and the Launch Centre. 


In the launch zone, operations on the payload are linked with those on 
the launch vehicle. A detailed time-schedule for combined launch- 
vehicle/payload operations is given in the Launch Order. This schedule 
may be revised on the arrival of the satellite at the CSG, and on comple- 
tion of Phase 2 operations. 


Validation operations on the payload ground equipment are carried out 
— on the servicing tower and in the Launch Centre — before the pay- 
load is mounted on the launch vehicle. 


The clean area at the top of the tower (PF8) is reserved exclusively for 
payload operations, up to the time of fitting the fairing. 


During the launch rehearsal and during countdown, the payload prepa- 


ration team must be available for activating and checking the payload, 
which form part of the combined launch-vehicle/payload operations. 
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Transport of payload 


The Ariane authority is responsible for transporting the payload from 
building S3 to the servicing tower, using the CCU and its trolley. After 
uncoupling from the platform at the foot of the tower, the CCU is raised 
to level PF8, transferred to the clean-area airlock, and lowered on to this 
platform as shown in figure 4.9. When nominal conditions have been re- 
established in the airlock (cleanliness, temperature and relative 
humidity), the CCU is decontaminated and opened. 


Assembly on the launch vehicle 


When the CCU has been opened, the payload preparation team fits the 
handling device on the payload. When the mechanical link between the 
CCU and the base of the payload has been uncoupled, the payload is 
raised, moved towards the launch vehicle using the РЕВ clean-area 
hoist, and lowered on to the payload flight adaptor (see fig. 4.10). The 
completion of the mechanical link between payload and adaptor, by the 
Ariane team, authorizes removal of the payload-handling device by the 
payload preparation team. The CCU is then removed. 


The payload is then connected electrically to the umbilical mast : 


* automatically via the launch-vehicle equipment bay ; 
* via an extension cable to the payload mast junction box, in cases 
where an umbilical link via the fairing is specified (see para. 3.5.5.). 


Preparation and checkout of payload. 


Preparation and checkout of the payload must allow for accessibility and 
radio-silence constraints. 


An “inert " payload has no active sub-system. A payload “ on 
standby ” is defined as presenting a steady state (no mechanical or elec- 
trical change of state), with no radio transmission. Trickle charging of 
batteries is admissible, and radio receivers may be permanently switched 
on. These conditions are discussed at the time of the safety submis- 
sions, as described in chapter 5, and adjusted when finalizing the Com- 
bined Operations Plan (POC). 


Electrica! cabling (continuity, insulation, etc.) and radio links are 
checked. 


A functional check of the payload is carried out in accordance with the 
combined activities time-schedule, together with certain routine opera- 
tions (leak testing, state of charge of batteries, visual inspection). 


Arming and disarming checks of hazardous circuits are carried out with 
the approval of the Launch Centre safety officer. 


Radio compatibility and pressurization 


A launch-vehicle /payload radio compatibility check is made, if the pay- 
load is to be launched with its transmission/reception systems oper- 
ating. 
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Final pressurization of payload fluids to flight pressure is carried out if 
this operation was not completed in Phase 2. 


Fairing 


Preparation of the payload in its flight configuration must be completed 
before the nose fairing is fitted by the Ariane team. Only simple opera- 
tions or checks on the payload (connection checks, pyrotechnic-system 
checks, removal of protective devices, etc.) are possible after the fairing 
has been fitted, using the access doors provided for this purpose. 


Launch rehearsal 


A launch rehearsal is held. This includes all electrical and mechanical 
operations from HO — 8 hours of the launch countdown with simulated 
vehicle flight. This implies the operation of all launch facilities, together 
with the ground tracking network and satellite checkout equipment. 


Checkout and preparation before launch countdown 
(See time schedule from JO —7 to JO — 1, para. 4.4.11.1). 


The payload can be checked out via cable and/or radio links, at the 
authorized times. Access to the payload is prohibited, and radio silence 
is enforced : 


* during fitting and connection of the launch-vehicle pyrotechnic de- 
vices on JO — 2 (1st-phase arming) ; 
е during calibration of the Inertial Guidance Platform on JO - 3. 


Launch countdown 


Launch countdown starts 20 hours before launch (HO — 20) with the pre- 
paration of the launch vehicle for filling. The main constraints applying 
to payloads are as follows : 


* Access to the payload is strictly limited to specially equipped operators. 
This means that operations to be executed must be simple, using 
approved procedures, and relate to equipment that is easily accessible 
via the doors in the fairing. 

* Access to the payload is prohibited during filling operations, the pay- 
load being on standby (or inert). 

е Operation of the payload electrical and radio systems during “ 2nd- 
phase arming A ". This phase consists in checking that no voltage 
appears on the pyrotechnic interception plugs (PIP), when all payload 
and launch-vehicle electrical and radio systems are active. 

е Payload on standby (or inert) during fitting of the flight PIP (“2па- 
phase arming В”). 


* Cut-off of battery charging and power supply from the ground before 
launch : see chapter 3, para. 3.5.9. 


The periods to which these constraints apply are shown in the time- 
schedules for HO —20 to HO (see рага. 4.4.11.2. and figs. 4.12 and 
4.13.). 
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Block diagram of Phase 3 operations 


Time-schedule JO — 7 to JO – 1: 


This nominal time-schedule, expressed in working days, covers Phase 3 
operations from JO — 7 to JO — 1, JO being the scheduled launch day. 


= 


40 — 7: 
* Preparation of launch 
vehicle and launch site 


J0 — 6: 

e Preparation of launch 
vehicle and launch site 

e Payload/ Ariane radio 
compatibility 


J0 — 5: 

* Assembly of fairing 

* Umbilical connections 

е Pyrotechnic, circuits and 
sequence checks 

* [ aunch Readiness Review 


J0 — 4: 
е Rehearsal (8 hours) 


JO — 3: 
* Calibration of inertial 
platform (12 hours) 


40 — 2: 

* Final preparation 

* installation of flight batteries 

* |nstallation of separation 
rockets 

е 1st-phase arming 


J0 — 1: 
e Start of countdown at HO — 20h 


* Transport of CCU from S3 to Ariane 
tower authorized 

* CCU raised to PF8 and opened 

* Payload mounted on Ariane 

* Electrical checks (cable and radio) 

* Hazardous-system arming and dis- 
arming checkout 


* Functional check 

е Payload/ Ariane radio 
compatibility 

* Pressurization and mechanical 
preparation 


* Connection of umbilical cable 
* Checkout of umbilical links 


* Launch Readiness Review 


* Rehearsal in launch 
configuration 


* Payload not accessible. Payload 
on standby, battery charging 
authorized 


* Checkout and preparation for 
countdown 


e Start of countdown at HO — 15h 
at earliest 
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Time schedules for HO — 20 to HO 


See figures 4.12 and 4.13 


These nominal time-schedules are expressed in hours, and concern 
operations from HO — 20 to HO, HO being the scheduled launch time. 


Operational organization 


The attribution of responsibilities is defined below : 


DV : 


CPCU : 


CPA : 


CSG: 


CM : 


ACM : 


DDO : 


RS: 


4.20 


Flight Director (^ Directeur de Мо“). 

Responsible for checking the compatibility of payload mission 
objectives with the capability of the launch system. He delega- 
tes the preparation and execution of the launch campaign to the 
Mission Director. 


Satellite Project Manager (“ Chef de Projet Charge Utile ”). 

Delegates : 

1) preparation, activation and checkout of the payload to the 
Payload Preparation Manager. 

2) preparation and execution of the orbit flight plan to the Orbi- 
tal Operations Manager. 


Ariane Project Manager (” Chef du Projet Ariane ’’). 
Delegates preparation, activation and checkout of the launch 
vehicle and launch site facilities to the Head of Launch Site 
Operations. 


Range Director. 

Delegates : 

1) preparation, activation and operational coordination of the 
CSG facilities and Ariane down-range stations to the Director 
of Operations. 

2) safety of persons and property to the Safety Officer. 


Mission Director (“ Chef de Mission ''). 
Responsible for preparation and execution of the launch cam- 
paign. 


Assistant Mission Director (“ Adjoint au Chef de Mission ''). 
Responsible to the Mission Head for operational coordination of 
payload preparation. He liaises with the CSG Payload Authority, 
and is responsible for synthesis of reports (payload and payload 
orbital operations ground station network). 


Launch Operations Director (7 Directeur des Opérations 7). 
Responsible for the preparation, activation and operational 
coordination of the CSG facilities and Ariane down-range sta- 
tions. 


Safety Officer ("^ Responsable Sauvegarde 7). 
Responsible for the safety of persons and property 
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COEL : Launch Site Operations Manager (" Chef des Opérations Ensem- 
ble de Lancement "'). 
Responsible for the preparation, activation and checkout of the 
launch vehicle and launch-complex facilities. Coordinates all 
operations on the launch pas (servicing tower and Launch Cen- 
tre). 


RPCU : Satellite Preparation Manager. 
("^ Responsable de la Préparation Charge Utile ’’) 
Responsible for the preparation, activation and checkout of the 
payload. 


CSEL : Launch Site Safety Officer. 
" Chef Sauvegarde Ensemble de Lancement "') 
Represents the Safety Officer on the launch site 


НОО: Satellite Orbital Operations Manager. 
(“ Responsable Opérations Orbitales charge utile ''). 
Responsible for the preparation and execution of the payload 
orbit flight plan. 


ORS : Satellite Ground Station Network Operator 
(“ Opérateur Réseau Stations sol charge ие”) 
Responsible for liaison between the CSG Payload Authority and 
the Payload Orbital Operations Centre. 


Control-room configuration for the above personnel and details of com- 
munication links available to the user during countdown are indicated in 
figures 4.14 and 4.15. 


Buildings and associated facilities 


Payload preparation complex 
(“ Ensemble de Préparation Charges Utiles " - EPCU) 


This complex is used specifically for payload operations at the CSG. The 
corresponding facilities are located on a number of sites. 


The environmental conditions of the premises are indicated in figure 
4.28. A detailed description of the buildings and associated facilities is 
given in the CSG Manual. 


Satellite preparation building, S1 


This building is located within the Technical Centre. It comprises princi- 
pally (see figs. 4.16 and 4.17) : 


* a clean area of 490 m?, equipped with a travelling crane, 
— capacity : 50 kN, covering an area of 490 m?, hook height 11 т 


* main airlock, length 10 m : 
— access : width 4.5 m 
height 10 m 
— monorail hoist : capacity 100 kN, hook height 11 m 
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* a secondary airlock, length 6 m : 
— access : width 3 m 
height 4.8 m 


* premises with a total area of 285 т? for the satellite checkout equip- 
ment, including 124 m? for the OCOE. 


* offices and conterence rooms 

е covered storage and off-loading area of 300 m?, not air-conditioned. 

* laboratories and store rooms with a surface area of 110 m?. 

* 42-m mast carrying the telecommunications antennae. 

* satellite alignment equipment 

* portable equipment for pressurization/depressurization of the hydra- 
zine tanks. This equipment is used in building S1 for detection of 
possible leaks, and/or in the servicing tower for final pressurization. 


* Power supply : 
— clean area : 30 kVA ; 220/380 V three-phase, 50 Hz 
5 kVA ; 120 V 60 Hz 
-- checkout systems : 
30 kVA ; 220/380 V three-phase, 50 Hz or 
20 kVa ; 120/208 V, three-phase, 60 Hz 
(no-break supply maintained for 15 minutes) 


ABM preparation building, S2 


This building is located in a protected area of the launch zone to which 
access is restricted and is specially designed for the preparation of solid- 
propellant ABMs and pyrotechnic devices prior to integration in the 
satellite. 

Characteristics (see fig. 4.18) 


* Environmental conditions : see figure 4.28 
* Access under 20-m? canopy 
-- door : width 3 m 
height 4 m 
— hoist : hook height 5 m 
capacity 30 kN 
* Main Hall 
surface area 97 m? 
travelling crane with capacity 30 kN 
hook height 6 m. 
* Secondary Hall 
surface area 48 г? 
monorail hoist, capacity 30 kN 
hook height 6 m 
This building includes the following ancillary premises : 


* offices 
* laboratory with surface area 20 m? 
е armoured room, surface area 12 m?, for pyrotechnic testing 
Power supply available : 5 kVA ; 220 V, 50 Hz 
5 kVA ; 120 V, 60 Hz (on request). 


Facilities are available for testing “ MAGE " type motors. 
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Satellite filling and assembly building, S3 


This building is located in a protected area of the launch zone to which 
access is restricted, and is reserved exclusively for payload hazardous 
operations, such as filling the propellant tanks, assembly of satellite and 
ABM, and placing the payload in its container (CCU). 


Main characteristics (see fig. 4.19). 


* Environmental conditions : see figure 4.28 
* Filling Hall : 
surface area 110 m?, with 25 m? filling zone over grating 
50-КМ travelling crane, hook height 10 m 
access via 4 x 9-m door 
balancing machine available 
* Assembly Hall : 
surface area 172 m? 
80-kN travelling crane, hook height 13 m 
access via 5 x 10-m door 
weighing machine available 
* Access Air Lock : 
surface area 72 m? 
80-kN travelling crane, hook height 12 m 
* Armoured test room and workshops 
* Associated offices and workshops 
е Power supply available : 3 kVA ; 220 V, 50 Hz, for satellite checkout 
system bays where required (no-break supply) 
5 kVA ; 120 V, 60 Hz. 


ABM radiography building, S4 


This building is located in a protected area of the launch zone to which 
access is restricted, and is used for the following operations, at user 
request : 


* Cold soaking of the ABM 
* X-ray inspection of ABMs with dimensions not exceeding the follo- 
wing : 
- mass : 1.5 tonnes 
- diameter : 1.5 m 
- height 2 m 
* X-ray photography and development 


This building comprises the following premises (see fig. 4.20) : 


* X-ray inspection hall (heavily screened) 
surface area : 75 m? 
30-kN travelling crane, hook height 5 m 
This hall is equipped with an automatic preselection turn-table with 32 
positions (11.25? steps) 

* Console for remote control of operations 

* Cold-soak room 
surface area : 9 m?, height : 4 m, for stabilization of the ABM temper- 
ature between 0? and 15? C in less than 24 hours. 
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e Dark room for development of films, and film examination/analysis 
room 
surface area 16 m? 

* air-conditioned office and cloakroom, surface area 15 m? 


Environmental conditions : see figure 4.28. 


Solid-propellant ABM storage, PR 3 
Building PR3 is located in the CSG ABM-storage zone. 


It is air-conditioned and comprises (see fig. 4.21) a 76-т? hall for long- 
term storage of АВМ$ in containers, with 50-КМ hoist, hook height 5 m. 


Access door : width 3 m 
height 3.50 m 


Pyrotechnic-element stores, PY3 


This building is located in the CSG ABM-storage zone. It is air- 
conditioned, and has a surface area of approximately 12 m? reserved for 
storage of electro-pyrotechnic components, prior to their integration in 
the satellite or ABM motor (see fig. 4.21). 


Ariane Launch Zone 


This zone includes a number of facilities, two of which are employed by 
Ariane users (see fig. 4.4.) 


Ariane servicing tower 


This tower is located on the launch-pad area, and is used for erection of 
the launch vehicle on its launch table. Fully enclosed and air- 
conditioned, it surrounds the umbilical mast. The upper platform, 
designated PF8, provides access at payload level : 


* from the inside for personnel and small equipment 
* from the outside for the payload container (CCU) and fairing. 


This platform has a vertical travel of approximately 7 m, and constitutes 
the floor structure for a clean area, the main characteristics of which are 
as follows (see figs. 4.22 and 4.23) : 


е area approximately 100 m7, including 25 т? airlock with mobile parti- 
tions. 

* max. hook height 10.34 m 

* access width 4.75 m 

е travelling crane capacity 2 x 25 КМ 
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Launch Centre (" Centre de Lancement ” - CDL) 


The CDL is an armoured building, located 300 m from the Ariane ser- 
vicing tower. It provides protection for personnel and checkout equip- 
ment during final preparation and actual launch. 


Two areas are reserved for users in this building (see fig. 4.24) : 


* An area for the umbilical-link terminal bays and satellite checkout and 
arming bays, located in the peripheral zone of the CDL. Maximum 
capacity : 14 bays. Cable connections via the umbilical mast transit 
through a payload interconnection bay. This area is connected to an 
antenna base on the CDL roof. 

* The Payload Console, located close to the launch console in the cen- 
tral part of the CDL (see fig. 4.25). 


Ariane Payload Container (" Container Charge Utile - ССИ”) 


The CCU is a standard container available to users and capable of trans- 
porting the complete payload between buildings S1 and S3 and platform 
PF 8. 


Main characteristics (see fig. 4.26) : 


* Two types of payload interface are possible : 
— payload-adaptor type interface (see fig. 3.3a (adaptor 1194), 
figure 3.9a (adaptor 937) and figure 3.15b (adaptor 1497)). 
— Ariane VEB-type interface (fig. 3.17). 
* Continuous dry nitrogen flow during transport. 
* Maximum acceleration on payload attachment fittings during trans- 
port : 
— vertical : 0.5 g 
— horizontal : 0.3 g 


Control Centre 


The Launch Control Centre, located in the Technical Centre, houses the 
senior personnel with authority for the launch vehicle, satellites, net- 
works and the CSG, who formulate the decisions leading up to the 
launch on the basis of information received from the operational pads. 
See the CSG Manual for a description of the Control Centre, and para. 
4.5. above for details of its utilization. 


Storage halls 


Various storage areas are available on the CSG. In particular, a building 
on the sounding-rocket pad can be used for storage of sensitive equip- 
ment, and can be air-conditioned if required. 


Main characteristics : 

* main hall : 14 x 14 m 

* access : 4 x m 

* 10-kN travelling crane, hook height 5 m. 
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Intercommunication 
General 


In addition to the telephone, telex, intercom and TV systems, the user 
can also utilize the CSG internal and external data-transmission facilities. 


These facilities are either permanent, or established at the user's special 
request. 


Cable 


The CSG has a telephone-type cable network, comprising composite 
cables (pairs and coaxials), for transmission of any signals with tele- 
phone characteristics, for pin-to-pin connections, with HF or video 
transmission on the coaxials, in particular from : 


* building S1 to the control centre 
* building S1 to the Launch Centre in the launch zone, and from the 
Launch Centre to buildings S2 and S3. 


Radio (see fig. 4.27). 


Depending on transmitted power, links can be established between build- 
ing S1 and a payload : 


* inside the servicing tower, with fairing not fitted 
* inside the servicing tower, with fairing 
* outside the servicing tower with fairing 


For this purpose, VHF, S- and C- band antennae are available on a mast 
at building 51, complete with corresponding feeders. 


S- and C- band repeaters are installed on the umbilical mast. The VHF 
transparency of the servicing tower is adequate without the use of 
repeaters. 


As redundancy for the above links, telemetry and telecommand video 
systems may be routed over the direct radio-relay link between S1 and 
the CDL. From the CDL, cable connections extend the links to the satel- 
lite, mounted on the launch vehicle (umbilical links). There is also a 
coaxial cable connecting the CDL to building S3. 


Special links can be obtained, in particular between station KRU-92 and 
the radio-relay station near the Technical Centre (Mont Pariacabo). 
General resources 

This paragraph gives a general indication of the facilities and services 


available to the user at the CSG. For further details, see the CSG 
Manual. 
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Technical support 


The CSG can make a number of special-purpose workshops available to 
users, together with corresponding qualified staff. These comprise : 


* topographical survey office 

* reprography workshop 

* propellant analysis laboratory 
* carpentry shop 

® mechanical and electromechanical workshop 

* optical and photographic workshop 

* measuring-instrument laboratory 

The CSG also provides facilities for the storage of propellants required 
by the satellites, and corresponding special protective equipment for 
fuelmen. 


Finally, the CSG can make a clean tent (Class 100) with a surface area of 
25 m? available to the user. 


CNES also has special telecommunication facilities, which can be made 
available to the user : 


е international telecommunication and date-transmission network 
(RESEDA - max. transmission rate 4800 bauds, 16-bit words), for 
which the operational and computer centre is in Toulouse, France 
(“ Centre Spatial de Toulouse ” - CST). 

* 1200-baud line to the Darmstadt operations centre, ESOC. 


Operational support 
The CSG makes the following facilities available to the payload team : 


* intercom and telephone network, providing communication between 
all payload positions, 

® internal telex network, 

* access to the international telephone and telex networks, 

* Closed-circuit TV of current operations in building S3, or on platform 
PF 8 in the servicing tower, to the control stations (building S1, 
Launch Centre and control centre). 


Logistic support 

Reception and access 

New arrivals are met at Rochambeau Airport and are taken by coach to 
their respective hotels in Kourou. Persons requiring cars for their 
mission are taken directly to the technical centre, where they take over 


their vehicles. 


On arrival at the technical centre, all mission personnel are issued with 
badges, authorizing access to the various technical zones. 
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Accomodation 


Hotel reservations are made in connection with the provision of launch 
services. 


Vehicles 


The CSG makes a certain number of cars available to the payload team, 
for use within the confines of the CSG. Drivers must hold licences recog- 
nized by the French police authorities (international driving permit for 
example). 


Shipment and transport 


In Guiana, the CSG is responsible for local transport and customs formal- 
ities. In order that customs operations may be completed rapidly and 
smoothly, the CSG must be provided with full information concerning 
packages dispatched (pro-forma invoice, detailed packing list, etc.). 


Handling facilities 


For local handling of equipment, the CSG can make handling and lifting 
equipment, with capacities up to 8 tonnes available to the user. Certain 
facilities not available in the CSG may be rented locally. Capacities range 
from 2 tonnes to 40 tonnes for lifting gear, and 4 tonnes to 100 tonnes 
for cranes. 


Launch postponement 


The launch slot starts on completion of 3rd-stage filling (HO —55 min- 
utes), and terminates at the end of the launch window(s) requested by 
the payload. A launch window has a minimum duration of 20 minutes. 
The ground facilities are dimensioned, and the launch vehicle designed, 
so that the daily launch slot, including the various launch windows, may 
amount to 6 hours. 


If the launch does not take place inside the scheduled window(s) during 
the day's launch slot, the launch will be postponed to the following day. 
Launch time (HO) is set at the start of the new launch window, and the 
countdown is restarted at HO — 6 hours. 


At the end of a launch slot during which the launch has not occurred, 
and assuming the irreversible phase of the automatic sequence has not 
been reached (HO —4 seconds), the following operations are carried 
out : 
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a) draining and flushing of the 3rd stage, 

b) depressurization of the 1st and 2nd stages, down to launch-table 
waiting pressure. 

с) return of the servicing tower to the launch vehicle (approximately 3 
hours after the end of the launch slot). 

d) launch vehicle, payload and ground facilities placed in countdown- 
hold configuration. 


The payload must not be powered during operations a) and b) above 
(payload inert). 


Aborted launch 


In the event of an aborted launch, namely when the first stage engine 
ignition command has been sent, but the launch does not take place, a 
new launch can be envisaged, within a period which obviously depends 
on the malfunction causing abort on the launch table. 


Since the 3rd-stage filling umbilical arms will have been retracted, a 
much longer emergency draining procedure is followed, as a result of 
which the tower cannot be brought back on to the launch vehicle until 
approximately 24 hours after the attempted launch. The payload com- 
partment remains air-conditioned, however, as indicated in para. 
3.4.2.4. 


Evaluation and parameters of injection 

The Ariane authority provides the user with an evaluation of satellization 
of the payload between HO + 30 minutes and HO + 1 hour. This infor- 
mation includes an estimate of orbit parameters, and 3rd-stage attitude 
at payload separation. 

Orbital operations support network 

A user requiring support from the ESA network for satellite orbital oper- 


ations can obtain from the Agency a manual giving network station 
characteristics. 
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Introduction 


The launching of a payload is a complex operation, involving the use of 
hazardous systems and products. Precautions must therefore be taken 
to minimize the probability of an accident, and its consequences. 


The CSG is responsible for the safety of persons and the protection of 
property against hazards presented by operations carried out on {and/or 
controlled from) its territory. CNES has therefore prepared a set of 
Safety Regulations, which determine the rules applicable at the CSG to 
all operations involving the use of hazardous systems or products, and 
the constraints to be observed when defining the launch vehicle, pay- 
load and flight plan. 


The user must design the payload and its operation in conformity with 
the CSG Safety Regulations. The following paragraphs are intended to 
inform the user of the main provisions of these Regulations. 


Submission of hazardous system files 
General 


The CSG Safety Department is responsible for drawing up the Safety 
Regulations, and ensuring that they are observed. Any launch from the 
CSG requires the approval of the Safety Department. This approval 
covers the following aspects : launch vehicle, payload and flight plan. In 
order to obtain this approval, the user must demonstrate that his equip- 
ment and its utilization comply with the provisions of the Safety Regula- 
tions. This demonstration is achieved in a number of stages, by submis- 
sion of documents defining and describing the hazardous elements and 
their operation. The submission documents are prepared by the payload 
authority, and presented to the Ariane authority. 


Submission procedure 


This procedure aims at a mutual understanding of problems, and their 
solutions, from the start of the project, in order to avoid loss of time and 
money resulting from late modifications to the design or manufacture of 
systems classified as hazardous by the CSG. Documents relating to a 
given project are submitted in three phases : 


Phase 1 : 
The payload authority prepares a file containing all documents neces- 
sary to inform the CSG of his plans with respect to hazardous systems. 
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This file contains replies to all the questions in para. 5 (Hazardous 
Systems) of the Application to Use Ariane, itself contained in para. 6.4. 
of this Manual. 


The CSG studies this file, classifies the hazardous systems submitted, 
and states any special requirements of the Safety Department. 


Phase 2 : 

The payload authority presents the hazardous systems manufacturing 
file, which must meet the requirements stated by the CSG at the end of 
Phase 1. This file provides information required for producing equipment 
or facilities at the CSG, to be used during the launch campaign. Finally it 
states the policy for checking and operating all systems classed as 
hazardous. 


The CSG checks that the manufacturing file complies with the require- 
ments specified in Phase 1, states its intentions concerning the checking 
of systems classed as hazardous, and indicates the draft procedure to be 
applied during flight. 


Phase 3 : 

The payload authority submits a checking and operating procedure for 
systems classed as hazardous, describing the checking policy and giving 
details of its execution. 


The CSG negotiates such changes as it considers necessary, and 
accepts the procedure. The latter then becomes the sole authorized 
document to be applied by the payload authority during the launch 
campaign, under the control of the Safety Department. 


Safety documentation - Time schedule 


In the general interest, the safety questionnaire must be completed by 
the user well ahead of the formal submission phases, in order that the 
earliest possible allowance be made in the design of the on-board and 
ground equipment of the payload. 


The following time-schedule for formal submissions gives deadlines 
working backwards from the launch date. 


Phase 1 
— 28 months Submission forming part of the Application to 
Use Ariane (DUA). 

— 26 months (or 2 Reply to submission, with classification of 
months after hazardous systems. 
submission of the 
DUA) 

Phase 2 

— 25 months Submission of manufacturing files for systems 


classified as hazardous. 
— 22 months (or 3 Reply to submission. 
months after 
submission) 
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Phase 3 
— 6 months Submission of hazardous procedures. 
— 4 months (or 2 

months after 

submission) CSG approval. 


Main requirements concerning hazardous systems 
Definition 


A hazardous system is defined as any assembly comprising a source of 
danger (chemical products, radioactive elements, pyrotechnics, pressur- 
ized systems, etc.) and the equipment used to operate this source 
(electric, hydraulic or pneumatic circuits, etc.). 


A distinction is made between a ” Primary Hazardous System "', compris- 
ing a source of danger, a source of energy used to operate the system and 
connecting elements between the two ` and a “ Secondary Hazardous 
System ”, which comprises elements connected functionally to a Primary 
Hazardous System, for the purpose of commanding and monitoring the 
latter. 


Sources of hazard 


* Propellants (liquid and solid) 

* Chemical products not used for propulsion, but which are :corrosive 
toxic 
flammable 
explosive 

* Radioactive products 

* Other products with biological effects 

* Pressurized fluids 

* Radio transmissions 

* HT power sources 


Constraints on the use of on-board hazardous systems 


The presence on board the payload of a source of danger, classified as a 
hazardous system by the CSG Safety Department, generally makes it 
necessary for the user to provide safety intercept devices, and to meet 
the requirements called for in the Safety Regulations for these systems. 


These requirements relate to systems that include at least one of the 
sources of danger listed in para. 5.3.2., the majority of which are associ- 
ated with electrical, hydraulic or pneumatic circuits used for monitoring 
and operating such systems. Apart from the general precaution of 
observing standard practice for the use of hazardous products, the CSG 
has laid down specific rules for circuits that monitor hazardous systems. 
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Electrical circuits 


The electrical circuits connecting the source of hazard and the source of 
energy required for activating it must be so designed that unwanted 
operation requires two simultaneous and independent mistakes or two 
faults not having a common cause. To this end, a two-pole intercept 
system for interrupting the circuits is used ; one intercept is located 
close to the source of hazard and the other close to the energy source. 
These intercepts, which do not absolve the user from providing normal 
arrangements tor operating the hazardous source, are under the control 
of the CSG Safety Officer. 


The intercept close to the source of hazard can be under local manual 
control (set of plugs or sockets of a special type and form). The intercept 
close to the source of energy must be telecommanded, and the activa- 
tion of the circuit requires consecutive action by two separate operators. 
In the released condition, the intercept control system interrupts the 
hazardous circuit. Figure 5.1. illustrates the principle of cable intercepts 
for a hazardous circuit, and the associated control and monitoring 
circuits. 


For further details, see para. 4.1.2.1. of the CSG Safety Regulations. 


In cases where the user provides for operation of a hazardous circuit via 
the telecommand and telemetry systems of the payload, monitoring 
data must be displayed on the Payload Safety Console. Special proce- 
dures can be envisaged for telecommanded or computer-controlled oper- 
ations. 


À cable intercept on circuits operating hazardous systems, the degree of 
risk of which is classified as '' catastrophic ” (see Safety Regulations, 
chapter 1, para. 1.1.2.), is mandatory. 


In wiring hazardous electrical circuits, all necessary technical precau- 
tions must be taken to ensure the highest possible degree of indepen- 
dence and insensitivity with respect to other circuits, hazardous or not, 
and whether electrical, radio or electromagnetic. 


The following practical arrangements must be adhered to : 


* Power sources (batteries) will be dedicated. As far as possible, all bat- 
teries will be of the sealed type. 

* High-reliability components will be used in electrical circuits, and will 
be suitable for the environmental conditions concerned. 

* Electrical controlled igniters and detonators will be so designed as to 
be highly insensitive to external interference. Their main characteris- 
tics must be as follows : 

* RF sensitivity : 

When the equipment is in a field of 2 W/m? (for frequencies 0.15 - 
50 MHz) or 100 W/nv (for frequencies over 50 MHz), the induced 
power must be at least 20 dB below the RF sensitivity threshold (if 
known) or 20 dB below the highest direct current not operating the 
devices. If these values are not achieved, an RF filter must be fitted 
so as to compensate for the circuit's inadequacy.The filter-igniter 
assembly must be screened. 
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* Sensivity to electrostatic discharges : 
The equipment must be able to withstand, withoud functioning and 
without degradation, a discharge of : 
— 25 000 V supplied by a 500 pF capacitor through a 5000 О non-in- 
ductive resistance ; 
— 10 000 V supplied by a 500 pf capacitor without a resistance. 


In the first case, the voltage should be applied to the terminals of the 
equipment, and in the second between the short-circuited terminals 
and the equipment chassis. 


Waivers up to 5000 V may be granted, but in such cases the firing 
circuit must allow electrostatic charges to leak away continuously. 


If the electrical circuits of the payload and/or the associated ground 
hardware have to be supplied with power in specific environmental 
conditions (filling of the launch-vehicle stages or the payload with 
propellant), they must be designed so as to provide a form of protec- 
tion suited to the environmental mode : 

— anti-deflagration 

— overpressurization 

— intrinsic safety 

— etc. 


Inhibition or destruction in flight 


The Ariane launch vehicle is equipped with devices for destruction in 
flight, initiated either automatically or by telecommand, in order to mini- 
mize the likelihood of endangering protected areas in the event of mal- 
function of one of the stages. To this same end, if the payload com- 
prises major sources of hazard, the CSG may require that it be equipped 
with systems designed to : 


* guarantee that its probability of impact in a protected area is negligible 
in the event of telecommanded or automatic destruction of the launch 
vehicle ; 

* minimize the likelihood of endangering a non-protected area. 


Hazardous fluid systems 


Pressurized systems may constitute a hazard because of the energy 
released following a burst. 


Protection against such hazards is mainly afforded by the value of the 
safety factor (ratio between rupture pressure and operating pressure) 
applied to the system. 


On-board pressurized fluid systems 


The following rules must be applied : 


* pressure vessels must have a safety factor of at least 2. 
* associated equipment (pipework, valves, etc.) must have a safety 
factor of at least 4. 
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Before operation at the CSG, pressurized fluid systems must be sub- 
jected to a test pressure of at least 1.5 times operating pressure. Proof 
must be provided (certification) by the user that this test has been 
carried out successfully at a date that guarantees that the test remains 
valid during operations at the CSG. The above qualification conditions 
being met, the user must comply with the following conditions, irre- 
spective of location at the CSG : 


* maximum operation pressure must not be exceeded at any time. 

* authorized personnel may only have access to pressure vessels 
and associated equipment if the safety limit or factors accepted by the 
CSG Safety Department are observed. 

% tests must be executed in accordance with a written procedure, 
approved by the CSG. 


Any work (e.g. repairs) on a pressurized system will only be undertaken 
after its depressurization to a safety factor of at least 4. 


Pressurized fluid systems on the ground 


Ground fluid systems must comply with French industrial safety stan- 
ards. The CSG Safety Department will advise the user which standards 
must be observed, at the time of Phase 1 submission. 


Fluid systems involving hazardous products 


In designing such systems, account must be taken of the hazardous pro- 
perties of the fluids (corrosion, toxicity, etc.), and of the regulations 
applying to pressurized circuits. 


Where a system carries a cryogenic fluid, precautions appropriate to the 
properties of the substance must be taken, and the constraints on mate- 
rial strengths observed. In particular, these precautions apply to any 
cryogenic circuit the temperature of which is below 90.3? K (liquefaction 
temperature of oxygen at atmospheric pressure). 


Radioactive systems 


The CSG has not laid down any specific rules for these systems. A cor- 
responding submission will be presented for joint examination of the 
problem, from the standpoint of French industrial safety regulations 
(legislation covering the protection of workers against ionizing 
radiation). 


Special precautions are only required in the following cases : 


* radioactive substances with total activity exceeding 0.1 microcurie. 

* radioactive substances the mass activity of which exceeds 10 micro- 
curie/kg. 

* equipment emitting ionizing radiation, if the radioactive materials 
included generate a dose equivalent rate exceeding 0.1 millirem/hour 
at a distance of 0.1 m from the equipment. 
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Limits of responsibility 


The payload authority is responsible for the design and operation of all 
payload systems classified as hazardous and their associated ground 
equipment. 


These sources of danger may be handled by CSG personnel, but under 
the responsibility of the payload authority. 


If the handling of these sources requires the use of specific equipment 
supplied by the user, such equipment must comply fully with the re- 
quirements of the CSG Safety Regulations. 


Safety of payload team 


This comes under the general heading of the safety of personal work- 
ing on the CSG, governed by the CSG Safety Regulations. 


Any activity involving a source of danger is reported to the CSG, which 
takes all necessary steps to provide and operate adequate collective pro- 
tection equipment, and to alert the emergency facilities in the event of 
an accident. Each member of the payload team must comply with the 
safety rules, with respect to his own personal protection. This is 
checked by the CSG, which issues corresponding work authorization. 


On special request from the user, the CSG can provide specific pro- 
tection for members of the payload team. 


On arrival at the CSG, payload personnel will be given a course of in- 
struction covering the safetv rules to be observed and designed to famil- 
iarize them with the operation ol certain facilities. 


Payload activities on the Ariane launch site 


All payload activities on the launch site are executed in accordance with 
instructions given in the corresponding procedures prepared by the 
user, and by the Ariane authority where combined operations are con- 
cerned. These procedures are approved by the CSG Safety Department, 
and are covered by formal authorization issued by the CSG. 


Constraints 
Beyond a certain phase in the launch preparation, the launch vehicle and 
the payload represent hazards for each another because of the haz- 


ardous sources that they contain. 


The restrictions on the operation of and access to the payload are 
directly linked to the launch countdown. See paragraph 4.2.2. 


Restrictions on checking the payload, such as radio silence, may be 
imposed during periods of the countdown. 
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This chapter describes the documentation system that comes into force 
as soon as the user selects Ariane as his launch vehicle. Figure 6.1. gives 
a list of documents and other information to be exchanged. Figure 6.2. 
gives the time-schedule for preparation and utilization of all these 
documents. 


Documentation system 


The documentation system involves the use of the documents listed 
below, prepared by the user or the Ariane authority. 


Application to use Ariane 
("^ Demande d'utilisation Ariane ” - DUA) (Document n? 1) 


The user prepares an application to use Ariane, in order to define the 
satellite's requirements with regard to : mission and trajectory ; dy- 
namic, thermal and radio environment ; accessibility and radio- 
transparency ; ground and umbilical cables ; fluids used ; requirements 
at the CSG, etc. This application also contains a brief satellite develop- 
ment plan, and scheduled tests. It gives a description of the satellite, 
and answers the Safety Questionnaire with respect to hazardous 
systems. The DUA thus covers the Phase-1 safety submission (see 
chapter 5). | 


The DUA is self-sufficient as a document, and has по recourse to other 
documents. 


This document is designed to officialize contacts between the Ariane 
and payload authorities, for the purpose of preparing the launch 
system/payload interface control file (“ Dossier de Contrôle d'Inter- 
face ” - DCI). Updating of the DUA is not necessary after distribution of 
the DCI. 


А format for the DUA is given in para. 6.4. 


Launch system/payload interface control file 
("Dossier de contrôle d'interface système de lancement / charge utile - 
ОС”) (Document n? 2). 


This is the basic document which is binding on the Ariane authority and 
the user with respect to technical aspects and operational facilities. 
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The Ariane authority prepares the DCI in response to the DUA. The DCI 
collates all interface requirements common to the launch system and 
satellite, and demonstrates their respective compatibility. It sets out an 
interface-modification management procedure, and is updated as the 
project progresses. On approval of the DCI by the payload authority and 
Ariane authority, this procedure comes into force. 


The user is required to indicate his main requirements concerning satel- 
lite preparation operations at the CSG at the latest 14 months before 
launch. Beyond this deadline, only minor additional requests can be 
introduced. j 


The attention of the user is drawn to the fact that basic launch-vehicle 
flight-mission data are frozen 8 months ahead of launch. These data cor- 
respond to those contained in the DCI at this stage. 


A format for the DCI is given in para. 6.5. 


Mission analysis file 
(“ Dossier d'analyse de mission ” - DAM) (Document n° 3) 


The mission analysis undertaken by the Ariane authority covers the fol- 
lowing : 


a) study of orbit-injection trajectory, separation phase and correspond- 
ing dispersions ; 

b) analysis of dynamic environment (coupled analysis) ; 

c) analysis of thermal environment ; 

d) study of pogo stability and control during 3rd-stage flight ; 

e) study of radio compatibility. 


The following information concerning the payload is required from 
users : 


a) mass, alignment and inertias (extracted from the DCI) ; 

b) finite-element matrix-type three-dimensional structural model of the 
satellite (for coupled, pogo and control analyses) ; 

с) thermal model ; 

d) radio characteristics (extracted from the DCI). 


Analysis of the mission is confirmed in a file (DAM), which is used to 
update values given in the DCI (concerning : trajectory ; flight 
sequence ; disengagement margins on separation ; short-term collision 
risks ; orbital and attitude accuracy on separation ; performance ; dy- 
namic, radio and thermal environment, etc.). 


Satellite environment test file (Document n? 4) 


Initially, the user is required to provide the Ariane authority with the 
satellite environment test plan, describing the test called for in para- 
graphs 3.4.1.5. and 3.5.4. This plan is analysed at the time of the 
Mission Analysis Review (see para. 6.2.1.). 
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The user will then submit analysis and synthesis files resulting from the 


tests. These files are analysed at the Satellite Flight Readiness Review 
(“ Revue d'Aptitude au Vol Satellite ” RAVS) (see para. 6.2.3.). 


Safety submissions 
These are described in chapter 5. 


It should be noted that the user is not required to prepare a new docu- 
ment to meet the safety submission requirements, but has only to sub- 
mit the files normally accompanying satellite development (specifica- 
tions for Phase-1 submission, definition files for Phase 2, and proce- 
dures for Phase 3). 


Application to use ESA network (Document n? 5) 


In this application, the user indicates the telemetry, telecommand and 
tracking facilities in the ESA network stations that he wishes to use at 
the time of the launch and when the satellite is in transfer orbit. 


Launch application 
("^ Demande de lancement " - DL) (Document n? 6) 


The launch application is prepared by the Mission Head (CM) and his 
Assistant (ACM) (see para. 4.5.), and is a synthesis covering both 
launch-vehicle and payload aspects. 


It takes account of all requirements relating to the payloads as defined in 
the DCI. 


It defines the mission objective, the launch characteristics, the general 
organization, the time-schedule, and the assistance required in the form 
of personnel and facilities. It is addressed to the CSG and the other 
departments concerned in the launch. The launch application is signed 
by the CM and ACM. 


The DL is submitted to the user for comment. It is updated systemati- 
cally up to establishment of the Launch Order (see para. 6.1.10). 


Satellite operations plan at CSG 
(“ Plan des Opérations satellite ” - POS) (Document №7) 


The user prepares a satellite operations plan at the CSG, defining oper- 
ations executed on the satellite on its arrival in Guiana : transport, inte- 
gration and checkout before assembly, and operations on the Ariane 
launch-pad area. The POS defines the arrangements for these opera- 
tions, and describes the facilities required for their execution. 


Eight months before launch, the Ariane authority sends its comments to 
the user, to indicate any modifications required to the POS. 


The format for this document is shown in para. 6.6. 
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Combined operations plan 
(“ Plan des opérations combinées ” - POC) (Document n? 8) 


Prepared by the CM and ACM from the POS, insofar as the satellite is 
concerned, this document details the technical characteristics of the 
launch corresponding to the requirements imposed by the payload and 
launch vehicle. It defines the substance of the tasks to be executed, and 
their breakdown and sequence, from the arrival of the launch vehicle 
and satellite in Guiana up to processing and evaluation of the actual 
launch data. 


The POC is sent to the user for comment. The user will be expected to 
operate at the CSG on the basis of a fully compatible POS. 


Launch Order 
( Ordre de lancement " - OL) (Document n° 9) 


The launch order is prepared by the CSG Operations Director, in re- 
sponse to the launch application. It lays down the following in detail : 
organization, facilities employed, services provided, time-schedule of 
operations, and countdown leading to actual launch. As from 4 months 
before launch, the launch order becomes the reference document for all 
operations at the CSG, and in particular for the countdown. 


The launch order is updated systematically, immediately on its approval 
by the CSG and CM. 


Satellite operation procedures at CSG (Document n° 10) 


These procedures are prepared by the user for each operation defined in 
the satellite operations plan (POS). All procedures covering the oper- 
ation of systems classified as hazardous and those concerning personnel 
safety are submitted to the CSG Safety Department for approval (see 
chapter 5). 


Combined launch vehicle /payload operation procedures 
(Document n? 11) 


A distinction is made between 2 types of combined operation : those 
requiring procedures specific to each authority, and those requiring 
common procedures. Common procedures are prepared by the Ariane 
authority, and submitted to the payload Authority for approval. 


Payload mass characteristics 
The mass of the payload in its final launch configuration must be notified 


to the Ariane authority prior to the Launch Readiness Review (RAL) (see 
para. 6.2.4.). 
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Injection data 


The Ariane authority can transmit data to the user, in quasi-real time 
(before НО + 60 min.), concerning the position, velocity and attitude of - 
the payload at the instant of launch vehicle/payload separation. 


Orbital tracking operation report (Document n? 12) 


The Ariane authority requires the user to supply it with orbital tracking 
data for the first few satellite orbits, to enable redundant evaluation of 
launch-vehicle performance. 


Launch evaluation report (Document n? 13) 


On the basis of processed launch-vehicle telemetry data and tracking 
data, the Ariane authority draws up a report on the launch operations, 
indicating the performance obtained and checking the behaviour of the 
launch vehicle and its subsystems. 


That part of this report covering all aspects of launch vehicle/payload 
interfaces is communicated to the user. 


Launch vehicle/payload reviews 


Mission analysis review 
(^ Revue d'analyse de mission ” - RAM) 


Apart from aspects specific to the launch vehicle, one of the objectives 
of this review, held by the Ariane authority, is to check the compatibility 
of payload environmental test plans in the light of mission analysis 
results, and to confirm the main mission parameters. The conclusions of 
the RAM lead to updating of the DCI. 


The payload authority is invited to attend the RAM. 

Launch-vehicle flight readiness review 

(“ Revue d'aptitude au vol du lanceur " - RAVL) 

The purpose of this review is to check that the launch vehicle, following 
acceptance tests in Europe, is technically capable of executing its mis- 
sion. One activity covered by the RAVL concerns examination of the 


launch-vehicle/payload interfaces, with particular reference to the DCI. 


This review is held by the Ariane authority, and shipment of the launch 
vehicle to the CSG is contingent on it. 


The user is invited to attend the RAVL. 


Satellite flight readiness review 
(“ Revue d'aptitude au vol du satellite ” - RAVS) 
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E DOCUMENT CODE | AUTHORITY | CHARACTER 


Application to use ARIANE User 
Launch system/payload interface control file ARIANE 


3.1. Finite-element matrix-type three dimensional 
satellite model User 


3.2. Satellite thermal model User 
3.3. Mission analysis file ARIANE 
Satellite test files 

4.1. Environmental test plan User 
4.2. Results of environmental tests User 


4.3. Launch vehicle/satellite radio compatibility 
test plan ARIANE 


Safety submissions User 
Application to use ESA network User 
Launch application ARIANE 
Satellite operations plan at CSG User 
Combined operations plan ARIANE 
Launch order ARIANE 


Satellite operations procedures at CSG User 


Combined launch-vehicle/payload 
operations procedures ARIANE 


Payload mass characteristics User 
Injection data ARIANE 
Orbital tracking evaluation report User 


Launch evaluation report ARIANE 


A : Approved 
C : Configured 


O : Optional 


FIG. 6.1 ARIANE/PAYLOAD DOCUMENTATION 


6.6.155че Issue 1980 - Rev. 0 


6.2.4. 


6.3. 


Documentation Chapter 6 


The Ariane authority requires to be represented at this review, normally 
held by the user before shipment of the satellite to the CSG. In particu- 
lar, the Ariane authority uses this opportunity to obtain the results of 
environmental acceptance tests, and the latest real inertial and mass 
characteristics of the satellite. 


Launch readiness review 

( Revue d'aptitude au lancement ” - RAL) 

This review is held at the CSG after assembly of the satellite on the 
launch vehicle, and closure of the fairing. Из purpose is to authorize final 
operations leading up to launch. It is held by the CM, and takes account 
of all checks made of the launch vehicle, payload and launch facilities. 


Documentation time-schedule 


The time-schedule for the issue of the documentation and the holding 
of reviews is given in figure 6.2. 


By convention, all dates are considered as " at latest ”. 
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Documentation Chapter 6 


Format for application to use Ariane (DUA) 


Introduction (brief description of user programme and descrip- 
tion of satellite) 

Number of launches and estimated dates 

Mission requirements 


Orbit requirements 
Description of orbit 
Injection accuracy 


Launch vehicle/satellite separation requirements 
Satellite system of axes 

Satellite orientation 

Spin-up 

Sequence 

Kinematic conditions 


Launch windows 

Solar aspect angle constraint 

Elipse constraint 

Constraint on ascending-node position 
Constraint on inclination 
Time-schedule of launch windows 
Other constraints 


Trajectory requirements 
Thermal flux at fairing jettison 
Roll manœuvres 


Description of satellite 


Mechanical interfaces 

General view (configuration inside fairing) and dimensions 

Ariane adaptor : details in the vicinity of the connector frame - rigidity at 
satellite rear frame 

Non-standard adaptor : definition of adaptor and its interface with the 
launch vehicle. The user is required to define the adaptor supplied by 
him 

Separation sensors 

Satellite accessibility through fairing 

Position of antennae and directivity 


Masses, alignments, inertias (configuration inside fairing) 
Estimated mass and tolerance values 

Inertias on the three axes, with tolerances 

Location of C G with tolerances 

Description of sloshing fluid masses. 

Dynamic balance with tolerances 


Environmental requirements 

Rigidities. Satellite fundamental frequencies when hard-mounted finite- 
element matrix-type three-dimensional satellite model 

Acoustic level inside fairing 
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Format for application to use Ariane (DUA) 


Acceptable temperatures during thrust phase. Power dissipated by 
satellite 

Ground environment : cleanliness, humidity, ventilation temperatures 
Elements sensitive to contamination 


Electrical interfaces 

Number and position of satellite umbilical plugs 

Type of connector used 

Electrical cable links between the satellite and the launch centre, at the 

latter and between the launch centre and the satellite checkout system 

Links for use during satellite checks after erection, and checks in the 

course of the countdown 

Radio links between the satellite, the launch centre and the satellite 

checkout system 

For use outside and during countdown 

Location and summary description of the satellite checkout system 

equipment in the launch centre and forward test post. 

Continuity of Earth potential (potential reference) 

* satellite reference point 

* satellite checkout system (in Ariane launch-pad area), satellite 
mounted. 

Links desired between the vehicle-checkout and satellite-checkout 

systems (cf. para. 3.5.2.3.) 

Fairing radio-transparency requirements 

Satellite transmit and receive systems 

Description of systems 

Satellite frequency plan 

Utilization of systems on the ground and during launch 

EMC characteristics - Standards used 


Hazardous systems 
(extract from Safety Regulations, para. 2.6.4.) 


Electro-pyrotechnic devices 

Category-A initiators (operation of which can be hazardous for person- 
nel and equipment) 

Category-B igniters (operation of which is not hazardous) 
Location 

Function 

Type and manufacturer 

Production serial number 

Bridge resistance 

No-fire current (associated probability and confidence interval) 
Firing current (associated probability and confidence interval) 
Selected firing current 

Checkout current 

Flegmatization current 

Time required for installation on satellite 

Location in satellite 

Radio-sensivity characteristics 

Electrostatic sensivity characteristics 

Electrical initiation and control circuits 
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Format for application to use Ariane (DUA) 


Other pyrotechnic devices : 

Type and manufacturer 

Characteristics 

Arming and make-safe systems 

Ignition systems 

Will the satellite or one of its subsystems be shipped with the pyrotech- 
nics mounted ? 

Classification (see Safety Regulations, para. 4.1.1.3.) 
Reference of qualification tests for classification 

Is a waiver requested for the destruct system ? 
Electrical initiation and control circuits 


Liquid propellants 

Do the payload and/or associated ground equipment contain hazardous 
fluids ? If so, indicate quantities and specifications. 

Location and operating procedures 


Pressurized gas 

Do the payload and/or associated ground equipment contain pressur- 
ized gas ? If so, indicate quantity and specifications. 

Are the CSG Safety Regulations complied with ? 

Place and period of pressurization 

Electrical and/or pneumatic initiation and control circuits 


Radioactive products 

Can the satellite and/or associated ground equipment emit ionizing 
radiation ? If so, indicate characteristics of the source. 

Hazardous emission level (exceeding danger threshold) 


Non-ionizing radiation 
Can the satellite emit a hazardous level of non-ionizing radiation ? 


Launch checkout and preparation facilities 

Junction boxes, racks, (ground) sequencers used for the circuits refer- 
red to above, during preparation of the satellite before erection. 
Junction boxes, racks, (ground) sequencers used for the circuits men- 
tioned above, prior to launch. 


Miscellaneous 

Does the user have special requirements concerning the safety of per- 
sons and equipment ? If so, give details. 

What precautions are taken for handling the satellite hazardous 
systems ? (max. temperature, shocks, etc.). 

Are there any safety aspects not covered by the present questionnaire ? 
If so, give details. 
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Format for application to use Ariane (DUA) 


Operational requirements 

Requirements concerning CSG facilities needed for : 
Transport and handling 

Satellite checkout and integration hall (test facilities) 
ABM preparation hall 

ABM X-ray inspection hall 

Satellite filling hall 

Satellite/ ABM integration hall 

A diagram will be required, indicating satellite and pyrotechnic-element 
checkout and assembly logic 

Launch site 

Propellant and ABM storage (also satellite filling facilities) 
Local communication and control facilities 

Miscellaneous (chemical analysis, etc.) 


Requirements for access to the satellite after integration with the 
launch vehicle 

Constraints due to the satellite tracking network 

Satellite configuration in transfer orbit, or after launch- 
vehicle/satellite separation 

Provisional time-schedule for operation at the CSG 


Satellite development plan 

Development plan milestones 

Requirements for launch-vehicle/satellite compatibility tests 
Tests on the user's premises 

Tests in France 


Definitions 


Annexes 
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Format for launch-system/satellite interface 
control file (DCI) 


Introduction 

Applicable documents 

Document amendment procedure 
Introduction 

Procedure 

Composition of Amendment Committee 


Mission characteristics 
Launch date 

Launch window 

Flight plan 

Transfer orbit 

Sequence of events 

Kinematic conditions at separation 


Launch-vehicle /payload interfaces 
Payload configuration inside the fairing 
Fairing/payload mechanical interface 
Payload mass and inertia characteristics 
Reference axes 

Masses and tolerances 

C of G and tolerances 

Inertial characteristics and tolerances 
Launcher-adaptor/payload mechanical interfaces 
Mechanical interfaces 

Assembly characteristics 

Mechanical constraints 

Assembly and access 

Tools and templates 

Compatibility tests 

Ground environment inside fairing 

Fluid interface 

Temperature 

Dissipated power 

Flight environment (powered phase) 
Static acceleration 

Dynamic environment 

Acoustic vibration 

Thermal environment 

Static pressure 

Contamination 

Launch-vehicle/payload electrical interface 
Definition 

Umbilical link 

Signal characteristics 

Allocation of umbilical and pad cables 
Launch-vehicle and payload radio transmissions 
Characteristics of radio systems 

RF compatibility 

Radio-system utilization slot 
Electromagnetic compatibility 
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Format for launch-system /satellite interface 


Ariane launch zone/payload interfaces 
Launch zone/satellite checkout system interface 
Location of checkout system and requirements 
Satellite checkout system/payload console 
Satellite checkout system/payload safety console 
Launch centre/servicing tower links 

Cable links 

Radio links 

Satellite/servicing tower interfaces 

Satellite erected under clean tent 

Special satellite access facilities 

Special satellite preparation facilities 

Preparation and fitting of fairing 


Requirements for satellite preparation 
Introduction 

Building S1 - Satellite assembly hall 
Assignment of premises 

Facilities available 

Electric power 

Building S2 - ABM preparation hall 
Facilities available 

Safety 

Building S4 

Cold-soak 

Radiography 

Building S3 - Satellite integration and filling hall 
Assignment of premises 

Facilities available 

Satellite transport container (CCU) 
Special storage facilities 

Storage of solid-propellant ABM 

Storage of pyrotechnic devices 

Storage of propellants 
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Format for launch-system/satellite interface 


General facilities provided by the CSG 
Transport and handling 

Fluids and propellants 

Safety Department support 
Workshops and stores 

Metrology and instrumentation 
Telecommunications 

Local communications and control facilities 
Storage facilities 

Accommodation and transport 
Miscellaneous 


Satellite test plan 

Tests specific to the satellite 

Launch-vehicle/satellite interface tests (and time-schedule) 
Tests on the user's premises 

Tests with launch vehicle (France) 

Tests at CSG 

* launch rehearsal 

* compatibility with ground-station network 


Documentation 

General 

Documentation specific to payload authority 
Documentation specific to Ariane authority 
Information after launch 


List of reference documents 
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Format for satellite operations plan at CSG 
(“Рап des Opérations Satellite au CSG ” - POS) 


General 
Introduction 
Applicable documents 


Schedules 

Time-schedule 

Table of weekly activities 
Meetings - Organization - Contacts 


Personnel 

Organization chart for satellite operations team 
Definition of responsibilities and tasks 
Organization chart for countdown 


Operations 
Handling 
Tasks for launch operations 


Equipment associated with the satellite 

Brief description of equipment for launch operations 
Description of hazardous equipment (with diagrams) 
Description of special equipment (Launch Centre, servicing 
tower) 


Installations 

Surface areas | 

Buildings (technical апа logistic aspects) 
Intercommunication 

Location of offices, assignment of personnel 


Logistics 


Accommodation 
Transport facilities 
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Dual launch system 
with Sylda Chapter 7 


Introduction 


The Ariane launch vehicle can place simultaneously in orbit two inde- 
pendent satellites, the mass of which corresponds to that of satellites 
launched by the Delta vehicle or Space Shuttle with PAM-D (Payload 
Assist Module Class Delta). The device used for this purpose is a special 
adaptor designated Sylda (“Système de Lancement Double Ariane ” - 
Ariane Dual Launch System). 


The reference version of Sylda, which will be available as from early 
1981, is compatible with the fairing and performance of the launch vehi- 
cle, as defined in the preceding chapters of this Manual. 


It is intended to derive a “ growth ” version of Sylda from the reference 
version, at a later date. This version of Sylda will be designed for a lon- 
ger fairing and a launch vehicle with improved performance, develop- 
ment of which is scheduled for 1980-83. 


This chapter is intended to provide Sylda users with all the particulars 
specific to a dual launch that differ from those relating to single 
launches. All data relate solely to the reference version of the Sylda. 


Description of Sylda 


The Sylda consists of a load-bearing structure, comprising a conical 
adaptor carrying the lower satellite, and a shell, enclosing the lower 
satellite and carrying the upper satellite (see fig. 7.1). The shell com- 
prises two separable parts, held together in flight by a clampband. 
Access to the lower satellite is via apertures provided in the shell for this 
purpose. 


Radio transparency is ensured by a system of passive repeaters. 


The attachment frames and separation systems for the upper and lower 
satellites are in principle identical, and the interfaces at these points cor- 
respond to those of the PAM-D. The two satellites have no mechanical 
or electrical interfaces with each other. 


Injection and release of the two satellites is as follows. After 3rd-stage 
engine cut-off, the 3rd stage is oriented in the direction specified for the 
mission concerned, and (generally) spun up (max. 10 rpm). The 3rd- 
stage attitude-control system is then inhibited. Two explosive bolts are 
fired, releasing the clampband and separating the upper satellite. Sepa- 
ration velocity is imparted by four springs, bearing on the satellite. After 
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separation of the upper part of the support structure, the lower satellite 
is separated in the same way as the upper. Command signals for the 
three separation operations originate from the launch-vehicle VEB. 
Microswitches forming part of the Sylda equipment send telemetry 
signals confirming separation. The vibratory environment to which the 
two satellites are exposed in flight is measured and transmitted to the 
ground. 


The relative velocities required for separation are determined individually 
for each mission, according to the characteristics of the satellites con- 
cerned, in order to avoid any risk of medium or long-term collision. 


Sylda performance 
Limitations applicable to the two satellites together 
Mass 


The general performance of Ariane when used for launching a single 
satellite mounted on the type 1194 adaptor is given in chapter 2. 


Dual-launch performance can be deduced from single-launch perform- 
ance by subtracting 140 kg from the latter. This reduction corresponds 
to the difference in mass between Sylda and the type 1194 adaptor, not 
used for a dual launch. Performance for a dual launch is defined as the 
sum of the masses of both satellites, including their ABMs. 


Orbit 


The two satellites are injected into almost the same transfer orbit, the 
slight difference being due to post-separation velocities differing by 
approximately 0.35 m/s. 


In general, the satellites are required to be placed in different final orbits, 
and different strategies are used for reaching final orbit from transfer 
orbit. Thus, the transfer orbit for a dual launch cannot be optimum for 
both satellites, and a compromise transfer orbit must be found at 
the feasibility study stage. 


Reorientation and spin-up 


The sequence of events after 3rd-stage thrust cut-off has been command- 
ed Бу the on-board guidance computer (event " НЗ ”) is illustrated in 
detail in figure 7.2. Orientation and spin-up of the 3rd-stage and its pay- 
load are controlled by the 3rd-stage attitude and roll control system 
(“ Système de Contrôle d'Attitude et de Roulis - SCAR 7). 


As the SCAR does not operate after spin-up has been completed, it is 
not possible to change either spin rate or orientation before the second 
satellite is separated. 


А compromise must therefore be reached to select a common orienta- 
tion, spin rate and spin direction for both satellites. While orientation 
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and spin direction can be selected according to satellite requirements, 


spin rate is largely determined by kinematic considerations (see para. 
7.6). 


Limitations applicable to each satellite 
Envelope 


The maximum permissible static envelope for the upper and lower satel- 
lites (in accordance with para. 7.8.1) is given in figures 7.3 and 7.4 res- 
pectively. 


Mass and inertia characteristics 


The Sylda design provides for the injection of two satellites, each of 
whose characteristics may vary widely, into a common (transfer) orbit. 


The following table is a guideline, and indicates the ranges within which 
any combination of properties is acceptable. 


600 to 1020 kg '" 
Moment of inertia about main axis 150 to 300 m? kg 
Moment of inertia about transverse axis 110 to 300 m? kg 


Height C G above Sylda/satellite 
separation plane 700 to 850 mm 


Static unbalance < 1.3 тт 


Dynamic unbalance < 0.25? 


(1) Subject to overall mass limitation in para. 7.3.1.1 


For characteristics outside the quoted ranges, dual-launch feasibility, 
which depends on the combination of characteristics of each satel- 
lite, and to a lesser extent on the combination of characteristics of both 
satellites together, must be assessed on a case-by-case basis. 


The possible range for C G position is given in figure 7.5 as a function of 
mass. 


See also para. 7.6 for possible range of static and dynamic unbalance 
characteristics. 


Additional cylindrical adaptor 


For satellites requiring an extension of the usable volume below the 
separation plane and within the cones subtended by the diameters 724 
or 851, e.g. in order to accommodate apogee-motor nozzles, a cylindrical 
adaptor can be provided. It may be of any desired height, between 100 
and 377 mm. Since the external profile of the volume usable by the satel- 
lite remains unchanged, the separation plane is thus moved up into the 
satellite. See figures 7.6 and 7.7. The adaptors remain attached to the 
Sylda structure, and separation takes place between the adaptor and the 
satellite. At the separation plane (top of the adaptor), the satellites 
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encounter the same interfaces as when the Sylda is used without an 
adaptor ; see figures 7.8 and 7.9. The mass of the adaptor (TBD kg + 
TBD kg per mm of height) must be deducted from the mass available for 
the satellite. For the determination of the possible position of the satel- 
lite’s centre of gravity, by means of figure 7.5., the reference remains 
the former separation plane (level 1079 or 3900 on fig. 7.1). 


Mechanical interfaces 


The mechanical interfaces between the upper and lower satellites and 
the Sylda are identical. Each satellite rests on a frame, the alignment dia- 
meter of which is 937.62 mm in the separation plane. The structures 
adjacent to these frames incorporate supports for the umbilical connec- 
tors and satellite separation and jettisoning systems. 


Each satellite is anchored to its interface frame by a clampband. This 
comprises a metal strip applying a series of clamps to the payload and 
Sylda frames. Clampband tension does not exceed 20 000 N at any stage 
of the flight. The clampband assembly comprises two half-clampbands, 
connected by explosive bolts, the firing of which releases the clamp- 
band, which is then held captive by the Sylda assembly. 


Attachment by the clampband introduces an angular flexibility of TBD 
rad/Nm at the Sylda/satellite interface. 


The satellite is forced away from the launch vehicle by 4 springs, integral 
with the Sylda and bearing on supports fixed to the satellite rear frame. 
The force exerted on the satellite by each spring does not exceed 900 N. 
The positions of these springs can be selected by the user, inside or out- 
side the satellite interface frame. 


The Sylda interface frame is described in figure 7.8 (version with internal 
springs) and figure 7.9 (version with external springs). 


Orientation of the s tellite with respect to the launch vehicle is by a key- 
way corresponding to the launch-vehicle Z axis. 


Figures 7.10 and 7.11 give the dimensions of the satellite rear frame and 
of the spring bearing surfaces, together with the positions of the umbil- 
ical plugs. 


Two microswitches used to detect separation and located on the Sylda 
side inside the spring guides in the Y - Z and Y, - Z, quadrants (fig. 7.12). 
The Sylda assembly provides bearing faces for the satellite micro- 
switches, aligned or the spring centre lines (fig. 7.13). 

Satellite accessibility 


Access to upper s itellite 


Access to the upper satellite is via the fairing, by means of doors as de- 
scribed in para. 3.1.2.4. 
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Access to lower satellite 


Access to the lower satellite is via Sylda before fitting the fairing, and via 
Sylda and the fairing after the latter has been fitted. 


Access possibilities via the fairing are described in para. 3.1.2.4. 


Access via Sylda is provided by ports, determined for each mission 
according to the specific requirements of the payload within the follow- 
ing limits : 


* max. number of ports : 4 ; 

* dimension of each port : each aperture required must be inscribed 
within a 200 x 200 mm square ; 

* the distance between the centres of the circumscribed circles for 
two adjacent ports must be greater than the sum of the diameters of 
these circles ; 

* location areas for the ports are shown in figure 7.14. Their exact posi- 
tion are determined by agreement with the Ariane authority. 


Any request falling outside the above limits will be subject to a special 
feasibility study. 


Constraints on access via the fairing 
(umbilical access) 


To achieve optimum positioning of the door required for the Sylda and 
the access doors required for each of the two satellites, the total number 
of doors and their location will be defined, and may be the subject of a 
compromise. 


Kinematic conditions at separation 
Separation with spin-up 


Kinematic conditions at separation are expressed in terms of the follow- 
ing two quantities : 

Au ` pointing error of the kinetic moment vector 

a, ` transverse angular velocity due to nutation 


The relationship between these two quantities and the nutation-cone 
half-angle is shown in figure 7.15. 


The following table gives values for б, and со + which will not be ex- 
ceeded with a probability of 99.73 96. The corresponding nutation-cone 
half-angle values O for satellites with a transverse moment of inertia 
equal to the axial moment of inertia (inertial ratio 1) are also given. 


Upper satellite 
Lower satellite 
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The table is applicable when the maximum spin rate (10 rpm) that can be 
provided by the SCAR is used, and for satellites with characteristics fall- 
ing within the ranges shown in the table in para. 7.3.2. 


It should be noted that the worst possible case was assumed for estab- 
lishing the results, with maximum satellite mass of 1020 kg associated 
with the highest C G position, and the lowest possible moment of 
inertia (150 m?/kg) in both the transverse and axial directions. In gener- 
al, therefore, for satellites with characteristics within the ranges given in 
the table in para. 7.3.2., pointing error and transverse angular velocity 
values will be less for the same probability of 99.73 96 than those shown 
in the table. 


For satellites with characteristics outside the range considered, or requir- 
ing a lower spin rate, calculations must be made case-by-case. It should 
also be noted that satellites with selected characteristics greatly exceed- 
ing the ranges considered will not necessarily be separated under sub- 
stantially less favourable kinematic conditions. 

For example, doubling of the effect of dynamic unbalance of the upper 
satellite increases the value of ‹ for this satellite by only 5 %, and has 
no significant effect on pointing error. 

Lower spin rates may be possible, if higher depointing and nutation 
angles are acceptable for both satellites. 


Separation without spin-up 


Separation at zero spin can also be considered. Details TBD. 


Environment 
Mechanical environment 
General 


The payloads are subjected to static and dynamic loads in flight, induced 
by the launch vehicle. 


The sources of excitation are described in para. 3.4.1.1. 


In the following paragraphs, the base of each payload is defined as being 
the top of the associated adaptor. 


Static acceleration 


See chapter 3.4.1.2. 
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Dynamic environment 


Longitudinal sinusoidal vibration 


Vibration levels at the base of the satellites correspond to the excitation 
values given in para. 3.4.1.3.1. 


The spectrum at the base of the lower satellite is 1.5 g from 10 to 100 Hz. 
The spectrum at the base of the upper satellite allows for an increase in 
level in the 18-28-Hz band, resulting from Sylda resonance (2.3 g instead 
of 1.5 g). The spectra are shown in figure 7.16. 

Lateral sinusoidal vibration 

Vibration levels at the base of the satellites depend on the flight instants 
concerned, and are given in para. 3.4.1.3.2. Below 10 Hz, the first lateral 
mode of the Sylda is coupled with the first bending modes of the launch 
vehicle, leading to higher levels at the base of the upper satellite (2 g ins- 


tead of 1.5 g). 


Lateral sinusoidal vibration spectra are given in figure 7.17. 


Random vibration 


Defined in para. 3.4.1.3.3., and applicable to both payloads. 


Acoustic vibration 

Acoustic vibration inside the fairing is defined in para. 3.4.1.3.4. It 
should be noted that acoustic insulation can also be used for dual 
launches. Acoustic vibration level inside the Sylda (in both cases) : TBD. 
Shock 

The upper satellite is subjected to shocks principally at separation. 
The lower satellite is subjected to shocks principally at fairing jettison, 
upper-satellite separation, jettison of the upper part of the Sylda and at 


its own separation. 


The frequency content of these excitations is over TBD Hz. 


Thermal and climatic environment 


The environment in the payload facilities, inside the payload container, 
and in the servicing tower without the fairing is defined in para. 4.6. 
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Ground environment inside the fairing is described in para. 3.4.2.2. 
During this phase, the temperature of the Sylda does not exceed 35? C, 
irrespective of waiting conditions, but subject to a maximum satellite 
dissipation of 100 W. The Sylda thermo-optical characteristics are as fol- 
lows : 


* outer face absorptivity a = TBD 
* outer face emissivity 6 = TBD 
® inner face emissivity £ = 0.78 


Ventilation of the lower satellite is by : TBD. 


The evolution of Sylda temperature in flight is shown in figure 7.18, for 
different points of the structure and for day and night launch conditions. 


Concept and dimensions 
Frequency requirements 


To avoid dynamic coupling between the launch vehicle and satellites, 
the following measures are called for : 


® the fundamental bending-mode frequency of each satellite, assumed 
to be hard-mounted, should be at least 15 Hz and preferably higher. 
* the frequency of the principal longitudinal modes should be 40 Hz or 
more, and within the mass/frequency domain defined in figure 7.19. 


It should also be noted that transient thrust-decay excitations in the 35- 
50-Hz band may excite secondary structures and flexible elements 
(antennae, solar panels, etc.), the definition of which should ensure that 
their fundamental frequencies fall outside this band. 


Primary-structure dimensioning loads 


The various static and dynamic loads are superimposed during the flight. 
The design and dimensioning of the primary structures of each payload 
must therefore allow for the most stringent load combinations likely to 
be encountered at any time during flight. From the point of view of 
quasi-static loads, conditions are most stringent at the following times : 


* maximum dynamic pressure 
* first and second-stage burn-out 


The following table combines low-frequency dynamic and static acceler- 
ations for these flight events, for satellites that comply with the fre- 
quency requirements in para. 7.8.1, and having their C G 850 mm above 
the separation plane. Longitudinal and lateral accelerations act 
simultaneously on the C G of the satellites. 
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FIG. 7.19 MASS / FREQUENCY DOMAIN FOR THE UPPER SATELLITE 
(Will be published in a subsequent issue) 
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The following loads must be used for preliminary payload definition : 


Flight limit loads applied to 
upper and lower satellite C G 


Acceleration (g) Longitudinal axis 
Lateral 


Max. dynamic 
pressure 


1st and 2nd-stage 
burn-out 


* negative longitudinal values indicate compression 
е lateral loads тау be applied in any direction 


These accelerations are applied to the greater part of the payloads, but 
certain areas are subjected to higher acceleration values. 


Distribution of accelerations inside the satellites depends on their config- 
uration. It is requested that a preliminary dynamic analysis be made at 
this stage. Dimensioning should take account of the safety factors de- 
fined by the payload authority (the Ariane authority calls for a minimum 
value at rupture of 1.25). 


Dimensioning of secondary structures 
and flexible elements using the dynamic environment described 
in para. 7.7.1.3. 


See para. 3.4.1.4.3. 


Coupled analysis 


See para. 3.4.1.4.4. 


Qualification and mechanical 
acceptance of satellites 


Each user is required to prove that his payload meets the dimensioning 
requirements in para. 7.8 above, by means of a qualification test and 
calculation files. 


The elements required for drawing-up of the test plan are defined below, 
for each satellite. This test plan will be discussed with the Ariane author- 
ity. Tests are executed at individual satellite level, and no composite 
Sylda/satellite test is scheduled. 
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For execution of these tests, the payload authority can be provided with 
an adaptor and clampband. The strengh of the clampband/bolts 
assembly is limited to the loads corresponding to a bending moment of 
48 000 Nm in the separation plane, if test bolts are used (with clampband 
tension 23 000 N), or 40 000 Nm if flight-type bolts are used. 


Static qualification tests 

See para. 3.4.1.5.1. The combined loads applicable are described in 
para. 7.8.2. 

Sinusoidal vibration tests 

Test levels 


It is recommended that a factor of 1.5 be taken for vibration qualification 
tests. 


Qualification and acceptance levels, applied at the Sylda/satellite sepa- 
ration plane, are given in the following table, and are recapitulated in 
figure 7.20 in the case of the qualification levels. 


They are applicable individually to the upper and lower satellites. Any 
satellite must be capable of occupying either position. 


Qualification 
level 
(0 - peak) 


Frequency 
range 
(Hz) 


Acceptance 
level 
(0 - peak) 


Longitudinal 


Lateral 


It is recommended that each test be preceded by a low-level vibration 
test, in order to detect the resonant frequencies of the satellite, and 
check any notching procedures. 


The recommended sweep rate is 2 octaves/minute for qualification, and 
4 octaves/minute for acceptance. 


Notching 


See para. 3.4.1.5.3. 
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Dual launch system 
with буда 


Random vibration tests 


See para. 3.4.1.5.4. 


Acoustic vibration tests 
See para. 3.4.1.5.5. 


The choice of the spectrum depends on whether acoustic insulation is 
used or not (see para. 7.7.1.3.4.). 


Electrical and radio interface 
Continuity of Earth potential 


See para. 3.5.1. 


Standard umbilicals 


The umbilical link for the upper satellite is via connectors P5 and P6. At 
the launch-vehicle end, the standard umbilical link has two 27-pin male 
connectors (Deutsch 79-27-0-PN (P6) and 0-PW (P5)), located in diamet- 
rically opposed positions in the separation plane, between the upper 
adaptor and upper satellite. The mechanical interface for these umbilical 
connectors, which are external to the lower frame of the satellite, is 
shown in figures 7.8 and 7.9. The cable is terminated by two umbilical 
connectors, P3 and P4, mounted on the Sylda structure, and a con- 
nection to the Electrical Umbilical Plug (Prise Ombilicale Electrique - 
POE) on the fairing, as in para. 3.5.2.2. Connectors РЗ and P4 are dis- 
connected automatically by the movement of the fairing, when the latter 
is jettisoned in flight. 


The lower satellite has an umbilical link via two connectors, P1 (O-PW) 
and P2 (О-РМ), identical to that for the upper satellite. 


The principle of connection to the VEB electrical umbilical plug is as in 
para. 3.5.2.1. 


The wiring of the Sylda adaptor also provides for connecting the wires in 
P1 and P2 used for transmission of satellite measurements during 
launch-vehicle flight to the VEB interface plugs. 


Figure 7.21 shows the principle of umbilical connections. Umbilical con- 
nection availability is shown in figure 3.38 for the lower satellite 
(VEB/umbilical-mast links), figure 3.40 for the upper satellite 
(fairing/umbilical-mast links), and figure 3.41 for the umbilical mast 
junction box/launch centre links. 


The Ariane authority will supply the user systematically with the female 
parts for the umbilical connectors, to be mounted on the flight model of 
the satellite (Deutsch DBAS 70-27-O-SN and OSW). 


Maximum load on insertion or extraction is 180 N per connector. 
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7.10.6. 


7.10.7. 


Dual launch system 
with Sylda Chapter 7 


Satellite measurement data transmitted by the launch vehicle. 


Microswitches placed inside the satellite distancing springs provide for 
telemetry detection of satellite separation. 


In addition to satellite/launch vehicle separation status reports, only 
three on/off signals ( < 0.5 V) are available for the two satellites. 


Connection with vehicle checkout system 
(“ Banc de Contrôle Lanceur ” - BCL) 


See para. 3.5.7. 


Radio transparency 
Upper satellite : radio transparency of fairing 


See para. 3.5.8., but note that antennae will not be located at the level 
of the radio-transparent boat-tail section, and therefore if radio- 
transparency is required, the possibility of placing radio-transparent 
ports in the area authorized for the location of access doors, or the use 
of passive repeaters, can be considered. 


Lower satellite : radio-transparency of Sylda and fairing 


The materials used in the construction of the Sylda are not radio- 
transparent. For satellites requiring radio-transparency, a system of 
transfer antennae can be used. There is a pick-up antenna inside Sylda, 
which drives a number of antennae on the outside of the Sylda adaptor, 
via a multiple feed. System gain in the 136-150-MHz band will be 
approximately — 25 dB. 


The transfer system radiates through the radio-transparent boat-tail sec- 
tion of the fairing (see para. 3.5.6.). The arrangement may be finalized or 
modified by means of a 1/5-scale mock-up of the satellite, Sylda and fair- 
ing. 

Radio compatibility 

See para. 3.5.10., but note that in assessing potential interference from 


lower-satellite radiation, the power levels to be considered are those 
after transit through the Sylda transfer-antenna system. 


Electromagnetic compatibility 


See para. 3.5.11. 
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Dual launch system 
with Sylda Chapter 7 


Operations 


Operations are described in chapter 4. The following points are peculiar 
to a dual payload : 


* After final inspection of each of the satellites (see para. 4.3.6.3.), the 
Sylda/upper-satellite/lower-satellite composite is assembled under 
the responsibility of the Ariane authority, in building S3 following 
the procedure illustrated in figure 7.22. 


Handling of each satellite with its adaptor is by means of the satellite- 
handling facilities. For this reason, the satellites and satellite-handling 
facilities must be capable of accepting an additional mass of 80 kg, 
corresponding to the adaptor. 

On completion of assembly, the dual payload is placed in the payload 
container (CCU), using handling facilities specific to Sylda. 
Operations on the launch-pad area, as described in para. 4.4., are 
carried out under the responsibility of the Ariane authority insofar as 
all operations on the dual payload composite, including assembly with 
the launch vehicle, are concerned ; and under the responsibility of 
each payload authority insofar as operations specific to each satellite 
are concerned. 

* A typical time-schedule of dual-launch operation is (ТВО). 


Documentation 


An individual DUA must be prepared by each payload authority, in 
accordance with the provision of chapter 6. 
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Introduction 


The object of this annex is to provide an overview of the Ariane launch 
vehicle. The information given is designed to satisfy the initial curiosity 
of a reader wishing to have an approximate idea of the type of launch 
vehicle that he is considering using for a payload. The following descrip- 
tion is therefore given by function and not by stage. 


Ariane is a three-stage launch vehicle surmounted by an equipment bay 
and by a fairing which houses the payload. Its total lift-off mass is 210 
tonnes, its height is 47.4 m, and its maximum diameter 3.8 m. Its perform- 
ance enables a large variety of payloads to be placed into orbit, ranging 
from heavy 4 tonne satellites in low orbit to interplanetary probes 
towards Mars and Venus. 


Electrical systems 
Introduction 


Most of the Ariane electrical systems are housed in the equipment bay at 
the top of the 3rd stage ; only a limited number of system elements are, 
for functional reasons, placed at various locations in the stages. 


An on-board digital computer coordinates the activities of the various 
electrical subsystems of the vehicle. The electrical system provides the 
vehicle with total in-flight autonomy with the sole exception of the tele- 
command destruct signal sent from the launch centre. 


Batteries are the only on-board electrical energy sources. 


Guidance and control system (see fig. A 1.1) 


The vehicle guidance system derives the correct vehicle attitude from 
the data of the inertial platform so as to optimize the payload mass to be 
placed in the desired orbit. 


The vehicle control system generates the nozzle-swivelling commands 
for the various stages so that the vehicle will assume the attitude com- 
puted by the guidance system. 


The guidance function is performed with the aid of the on-board compu- 


ter flight programme, which executes the navigation calculations and 
implements the guidance law. It is active only from the flight of the 2nd 
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stage. Îst-stage flight is not guided, the vehicle following a pre- 
programmed attitude law. 


The control function is performed with the aid of : 


* sensors : inertial platform, rate gyros (and transverse accelerometers 
during a part of the 1st-stage flight); 
* command-generating units : 

— the on-board computer ; this derives from the inertial platform the 
attitude deviation (difference between the actual attitude and the 
attitude required by the guidance system) and selects, depending 
on the flight phase, the gains, gyrometric rates, and vibration- 
mode filters for use in the autopilot unit ; 

— the autopilot unit ; this uses the attitude deviation supplied by the 
computer, the angular velocities supplied by the rate gyros and the 
transverse accelerations supplied by the accelerometers to deter- 
mine the swivelling commands to be sent to the various stage 
nozzles ; 

* executing units : each stage has amplification systems and servos 
commanding the position of the nozzles. 


The 1st stage has four nozzles oscillating in the plane tangential to the 
thrust frame. This configuration enables pitch, yaw and roll control to be 
carried out by these nozzles alone. 


The 2nd and 3rd stages each have a single nozzle and are equipped with 
ancillary systems for roll control. 


These ancillary systems consist of sets of independent nozzles fed with 
hot gases from the gas generator on the 2nd stage and with cold pressur- 
ization gases on the 3rd stage. 


The ancillary system on the 3rd stage is also designed to provide three- 
axis control after main engine cut-off. This enables the payload to be 
delivered accurately into the desired position and, if required, slow spin- 
up (10 rpm) to be provided. 


Sequencing system (see fig. A 1-2) 


This initiates all the commands needed for the execution and ordering of 
the various sequences governing the vehicle's in-flight behaviour. The 
sequencing system is commanded by the on-board digital computer, 
which transmits commands in the order prescribed by the flight pro- 
gramme. 


The sequencing of commands is reset after the engine cut-off of each 
stage on detection of thrust decay. 


The command transmitted by the computer through its interface unit is 
processed by a sequencing unit, which delivers directly signals matched 
to the executing units. Processing of the commands is done on two 
systems which are fully redundant from the interface unit to the execu- 
ting units. 
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The command signals from the sequencing system result in the follow- 
ing actions : 


* electrical : change of PCM telemetry format, propulsion commands, 
operation of Pogo-correction systems ; 

* pyrotechnic : acceleration retro-rockets, 3rd-stage engine ignition, 
separations, jettisoning. 


Tracking and destruction system 


This enables the vehicle to be destroyed in-flight in the event of abnor- 
mal behaviour that can constitute an environmental hazard. The des- 
truct command signal is generated on board in the event of premature 
stage separation. The destruct signal commanded from the ground 
results from an operational decision based on processing of the data for 
the actual trajectory of the vehicle. These data are obtained in real time 
by the vehicle tracking system consisting of a tracking radar and trans- 
ponders located in the vehicle equipment bay. 


The tracking and destruction system is fully redundant, comprising two 
radar transponders and two telecommand receivers. The commands are 
generated in a safety unit, which decodes the telecommands. The 3rd- 
stage destruct charge is commanded directly by the safety unit. The 
destruct charges of the 1st and 2nd stages are each fired by a 
Self/Telecommanded Destruct logic circuit ("^ Destruction commandée 
et automatique ” - DCA), which receives the destruct command ; the 
logic circuits of this system are located in their respective stages. 


The telecommand-destruct receiver system may be inhibited by the 
receipt of the OFF command sent from the CSG while the vehicle is still 
visible or in range. 


Details of the destruction devices are given in paragraph 5 below. 


Telemetry system 


The object of the telemetry system is to transmit to the ground the on- 
board measurements made during the flight of the vehicle, knowledge 
of which enables its behaviour and performances to be evaluated 
throughout the flight. 


Two types of telemetry systems are used : 


* a PCM system capable of transmitting a large number of slowly vary- 
ing data ; 

* an FM system capable of transmitting a small number of rapidly 
changing data (e.g. vibrations and shocks). 


The operational version of the vehicle has only one PCM telemetry 
system for monitoring the complete vehicle. During the development 
phase, when other measurements are necessary for vehicle qualifica- 
tion, an extra PCM telemetry is installed for measurements on the 1st 
and 2nd stages and an FM system is installed in each stage. 
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Propulsion and pressurization systems 
Introduction 


The propulsion systems use the potential energy of the fuel stored on 
board to provide the vehicle with the kinetic energy required to place the 
payload in the desired orbit. The pressurization systems contribute to 
the proper operation of the propulsion systems by maintaining adequate 
pressure on the free surface of the various fuels in their tanks, thus keep- 
ing the hydrostatic pressure of the fluid circuits within limits compat- 
ible with correct operation of the various devices. 


The 1st and 2nd-stage propulsion systems are similar and use the hyper- 
golic liquid propellants UDMH and N.0,. The 3rd-stage propulsion 
system uses the cryogenic propellants Паша oxygen and liquid hydro- 
gen, in a low-pressure chamber. 


1st-stage propulsion system 
Principle 


The system comprises four identical Viking engines which together 
develop a thrust of 2485 kN on the ground (2770 kN in vacuum), the spe- 
cific impulse being 247.4 s (279.7 s in vacuum) ; the velocity increment 
imparted to the vehicle by the 1st stage is approximately 1800 m/s. Each 
engine forms an independent assembly supplied via individual valves 
from propellant and water tanks common to the four engines ; start-up 
is initiated simultaneously for the four engines by a ground command, 
ignition being spontaneous in the combustion chambers (hypergolic 
fuels). The operation of each engine is assured by slaving its core pres- 
sure to a reference "' pilot ” pressure supplied by nitrogen bottles. A gas 
generator fed with propellants in the stoichiometric ratio, and with water 
to lower the temperature, supplies both the gas turbine, which drives on 
a single shaft the propellant and water pumps, and the tank- 
pressurisation system. Lastly, a balance regulator compares the 
propellant-injection pressures and acts оп the №0, pressure down- 
stream from the pump in order to keep the propellant- mixture ratio cons- 
tant in the combustion chamber. 


Operation 


During the automatic launch sequence, the vehicle checkout system 
verifies the correct operation of the vehicle, gives the signal for ignition 
of the four engines and monitors their behaviour. If everything proceeds 
normally, the command opening the vehicle release jaws is given three 
seconds after ignition. In the event of an incident, the release jaws are 
kept closed and the engines shut down. 
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The main operating characteristics are : 


e Core pressure .................................... 55 Bar 
е Turbopump rotor speed ........................... 9 600 rpm 
е H 0 delivery pressure .............................. 65 Bar 
„ UDMH delivery pressure ........................... 67 Bar 
e NO, delivery pressure .............................. 69 Bar 
* Generator gas temperature ......................... 650 °C 

* Generator gas pressure ............................ 35 Bar 
е Pressurization pressure ............................ 5 Bar 


Propulsion stops as soon as one of the fuels is depleted. The on-board 
computer detects this depletion by monitoring the acceleration of the 
vehicle and commands closure of the main fuel valves as soon as this 
becomes less than half its full-thrust value ; at the same time, it initiates 
the 1st/2nd-stage separation sequence described in paragraph 4. 


2nd-stage propulsion system 
Principle 


This system comprises a single Viking IV engine developing a thrust of 
727 kN in vacuum, the specific impulse being 295.2 s. The velocity incre- 
ment imparted to the vehicle by the 2nd stage is close to 2900 m/s. 


The 2nd-stage propulsion system resembles that of the 1st stage except 
for the following differences : 


* a single gimbal-mounted engine instead of four engines ; 
е an independent roil-control system ; 

* engine nozzle adapted to operation in vacuum ; 

* helium-pressurization of fuels and water. 


Operation 


Engine ignition is commanded by the computer 0.3 seconds after 
1st/2nd stage separation. Start-up is obtained by means of acceleration 
rockets (see paragraph 4) which provide the acceleration for settling the 
fuels after the 1st-stage engine cut-off. The engine nozzle, initially set in 
a zero position for pitch and yaw correction, receives swivelling com- 
тапа as soon as thrust, and hence acceleration, attains its normal value. 
Guidance starts about 10 seconds after 1st-stage jettison. 


The main operating characteristics that differ from those of the 1st stage 
are : 


* Helium-bottle pressure ............................ 300 Bar 
е Pressurization pressure ............................ 3,5 Bar 
е Maximum roll torque .............................. 1 000 m.N 


Propulsion cut-off is effected, as for the 1st stage, by the computer, which 
simultaneously initiates 2nd/3rd-stage separation. 
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3rd-stage propulsion system 
Principle 


This system comprises a single HM7 type engine developing a thrust of 
61.8 kN in vacuum, the specific impulse being 440.6 s. The velocity 
increment imparted to the vehicle by the 3rd stage is approximately 
5100 m/s. The engine is gimballed along the pitch and yaw axes. Roll 
control is carried out by a system of auxiliary nozzles fed with gaseous 
hydrogen. 


Like the lower stages, the operation of the 3rd-stage propulsion system 
requires a turbopump fed with gases supplied by a generator. The latter 
is supplied with liquid oxygen and liquid hydrogen in a mixture ratio 
close to 0.9 in order to limit the temperature regime to 800°К. 


The turbopump has two shafts. On the first, which rotates at about 
60 000 rpm, are the turbine and the hydrogen pump and on the second, 
which rotates at about 13 000 rpm, is the oxygen pump ; the turbopump 
is actuated by a solid-cartridge starter and feeds the gas generator and 
the engine with liquid H, and liquid О,. As these fuel are not hyper- 
golic, the generator and the engine are ignited by pyrotechnic devices. 
Operation of the engine is controlled by a system for regulating injection 
flow rates into the generator by means of cavitating venturis and a pres- 
sure regulator on the oxygen circuit only. This device limits variations in 
engine operating parameters, particularly for the thrust and mixture 
ratio, whose variations are of the order of 1.5 96. The engine injector dif- 
fuses into the chamber liquid oxygen directly from the pump together 
with gaseous hydrogen at 150°K obtained by heating the liquid H, in the 
upstream (regenerative) section of the nozzle. A small part (6 %f of the 
liquid H, circulates in the divergent section of the nozzle, maintaining its 
temperature at about 1080°K ; it escapes at the extremity of the diver- 
gent section. 


The oxygen tank is pressurized by means of helium, which is stored in a 
bottle at 100°K at 200 bar. 


The hydrogen tank is pressurized by gaseous hydrogen at 100°K ob- 
tained by mixing liquid H, with gaseous hydrogen tapped at the exit of 
the regenerative section. This system is activated at engine start-up. 
During 1st and 2nd-stage flight, pressurization is effected with helium. 
In the event of self-pressurization due to considerable natural evapora- 
tion, the tank pressure is limited by a safety valve. The propellant feed- 
lines are cooled throughout 1st and 2nd-stage flight by a continuous 
flow of a small quantity of waste propellant. 


Operation 
Engine start-up is commanded by the computer 3 seconds after 2nd/3rd 


stage separation. The stage nominal thrust is reached approximately 10 
seconds later. 
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The main operating characteristics are : 


е Соге pressure ое vete EU REG 30 Bar 
е Rotor speed of the turbine and the H, pump .......... 59 300 rpm 
е Rotor speed of the 0, pump ........................ 12 650 rpm 
* Temperature of generatorgases .................... 880 °К 

е Pressure of generator gases ........................ 24 Bar 

° H, tank pressurization pressure ..................... 2.91 Bar 
* O,tank pressurization pressure ..................... 2.11 Bar 
е Maximum roll torque .............................. 800 N.m 


The guidance system generates the propulsion cut-off command, which 
is sent by the computer. The propulsion cut-off sequence starts with the 
command which closes the 0, circuit valve at the gas generator input. 
For placing a 1700-kg payloäd in a 200/36 000-km geosynchronous 
transfer orbit, this command is given approximately 563 seconds after 
ignition. 


Separation systems 
Introduction 


The operation of the vehicle involves the jettisoning of mass whose use- 
fulness has ceased in the course of flight, e.g. the fairing above a certain 
altitude, and the distancing of a spent stage so that the next stage may 
be ignited. 


Separation systems 


The vehicle comprises four separation systems : two for the interstages, 
one for the fairing, and one for the payload. Each separation requires 
mechanical disconnection of the assemblies to be separated, followed 
by distancing. The systems used are similar for the interstage separation 
and different for the two others. 


Interstage separation 


This occurs at periods of virtually zero acceleration of the vehicle. Dis- 
connection is obtained by a pyrotechnic cutting cord. The cord is fired 
simultaneously at two points and separation is achieved in less than 
1 ms. 


The forcing apart of the two stages is done by retro-rockets mounted on 
the lower stage, which impart an acceleration opposed to its velocity. 


During the separation phase, acceleration rockets on the upper stage are 
fired and impart acceleration in the direction of its velocity ; this is design- 
ed to ensure that the fuels collect in the tank in such a manner that 
they flow properly to the engine ; it also contributes to forcing the two 
stages apart. 
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Fairing jettison 


This occurs during 2nd-stage flight, that is when the vehicle is accelerat- 
ing. The two half-fairings are separated from each other by pyrotechnic 
cutting along their contact generatrix and are ejected laterally, while 
remaining parallel to one another. | 


Vehicle / payload separation 


This occurs after burn-out of the 3rd stage, which then remains attitude- 
controlled. Separation is achieved by ejecting the clampband by pyro- 
technic action. The vehicle and payload are forced apart by the action of 
springs located around the periphery of the interface frame. 


Destruction systems 
The vehicle has three destruction systems, one for each stage. 


The 1st-stage destruction system consists of pyrotechnic cords running 
along a generatrix of each tank. 


The 2nd-stage destruction system is based on the same principle as the 
151 stage, but has a single cord common to the two tanks (located near 
the common bulkhead, on a generatrix). The location of the 3rd-stage 
destruction system is identical to that of the 2nd stage, but a dihedral 
charge is used in order to allow for its distance from the wall structure 
(due to the presence of the Klegecell thermal insulation layer). 


Structures 
Introduction 


All the structures are of light alloy with the exception of the 1st-stage 
water and propellant tanks, which are fabricated of steel in order to 
afford simultaneous protection from the temperature and corrosive 
action of the pressurization gases. 


1st-stage structure 


The two propellant tanks are identical, cylindrical in shape (diameter 
3800 mm, height 6700 mm) with ellipsoidal bulkheads. They are inter- 
connected by means of a cylindrical inter-tank skirt of the same diameter 
as the tank and with a height of 2688 mm. The cylindrical part of the 
upper tank is prolonged by the forward skirt, which has the same diame- 
ter and a height of 1500 mm. The forward skirt supports the eight brak- 
ing retro-rockets of the 1st stage and connects the latter with the inter- 
stage structure. The thrust frame is generally cylindrical in shape (a 
diameter of 3800 mm and height of 2300 mm) and has a caisson struc- 
ture whose upper part connects with the UDMH tank and whose lower 
part is used for mounting the four engines. The toroidal water tank (aver- 
age diameter 2700 mm, cross-section diameter 750 mm) is attached to 
the thrust frame structure by 16 rods. The engines, which protrude from 
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the vehicle, are shielded by cowlings ; four tail-fins, each with a surface 
area of 2 m?, are used to improve aerodynamic stability during atmo- 
spheric flight. 


2nd-stage structure 


The fuel tanks form a cylinder with hemispherical bulkheads (diameter 
2600 mm, height 6515 mm) divided into two vessels by a common 
hemispherical bulkhead whose concavity faces forward. The pipework 
feeding the М,0, (upper vessel) to the engine passes through the lower 
vessel (UDMH). The thrust frame consists of a stiffened skirt comprising 
a cylindrical section (with the same diameter as the tank and a height of 
188 mm) and a frustum part (height 1350 mm) bearing the mounting 
flange of the gimbal unit. The aft skirt of the second stage is a frustum 
(height 1570 mm) and connects the 1/2 interstage frustum skirt (height 
3310 mm) and the 2nd-stage thrust frame to which it is attached at the 
base of its cylindrical part. The rear-skirt/interstage-skirt frustum 
assembly transmits the 1st-stage thrust to the rest of the vehicle and 
provides continuity between the 1st-stage diameter (3800 mm) and the 
2nd-stage diameter (2600 mm). The rear skirt carries the water torus 
(average diameter 2240 mm, cross-section diameter 340 mm) fixed by 
rods and the six acceleration rockets. It includes the pyrotechnic cutting 
system used for 1st/2nd-stage separation. The cylindrical-shaped for- 
ward skirt (height 1245 mm) prolongs the tankage and carries the brak- 
ing retro-rockets. It connects the 2nd stage to the 2nd/3rd-interstage 
cylindrical skirt of the same diameter. 


3rd-stage structure 


The fuel tanks form a cylinder with hemispherical bulkheads (diameter 
2600 mm, height 6263 mm) divided into two vessels by an insulating 
intermediate bulkhead (two concentric spherical caps separated by a 
phenolic honeycomb layer under vacuum). The tanks carry thermal insu- 
lation over their entire surface. 


The tank assembly is prolonged by a short forward skirt (2600 mm, 
height 451 mm) connecting with the equipment bay, and by a short rear 
skirt (diameter 2600 mm, height 288 mm) on which the thrust frame is 
mounted. The latter consists of a conical structure (height 1184 mm) 
together with a cylindrical section (diameter 2600 mm, height 499 mm) 
providing continuity with the rear skirt. The cylindrical section carries 
the propellant-settling rockets and the pyrotechnic cutting system used 
for 2nd/3rd-stage separation. The 2nd/3rd-interstage skirt (diameter 
2600 mm, height 2730 mm) forms the connection between the 2nd and 
3rd stages ; the lower part of this skirt is sealed off by an insulating disk 
for limiting heat exchange between the two stages. 
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VEB structure 


With a total height of 1150 mm, this consists of a cylindrical section (dia- 
meter 2664 mm, height 300 mm) supporting a frustrum-shaped section, 
the upper frame of which is used for attaching the payload. The fairing 
rests on the upper frame of the cylindrical section. The frustrum section 
bears plates fixed by brackets at a height of 545 mm in relation to the 
base of the structure. The equipment-bay hardware is mounted on these 
honeycomb plates. The upper part of the frustrum section serves as an 
adaptor between the vehicle and its payload and comprises the 
vehicle/payload separation system. Heat exchange between the hydro- 
gen tank, the equipment bay and the available volume under the fairing 
is limited by an insulating diaphragm. 


Fairing structure 


See paragraph 3.1.2. 


Mass breakdown 


The fully-equipped vehicle has a lift-off mass of 210 tonnes, including a 
payload mass of 1750 kg. 


The mass breakdown is given in the following table : 


Lift-off mass 
(tonnes) 


Structures | Р llant 
ropellants 
0.84 0.84 0.84 


Fairing 
VEB 
Third stage 
Liquid oxygen 
Liquid hydrogen 
Second stage 
UDMH 
N,0, 
М 
ater 
First stage 
UDMH 
N.0; 
Water 
Payload 
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Introduction 
Situation 
The Guiana coast is well situated for the location of a launching range. 


Its proximity to the Equator, in an area outside the hurricane zone, the 
possibilities of launches due North and East over the ocean, and regular 
air and sea connections were factors which led to the choice of Kourou 
in French Guiana as the site for the CSG. 


Tasks of the CSG 


The Guiana Space Centre (CSG) was created and is managed by the 
Centre National d'Etudes Spatiales (CNES). 


Within the CSG perimeter, ESA has established its launch facilities, as 
follows : 


е Ariane Launch Site (“ Ensemble de Lancement Ariane " - ELA), includ- 
ing the facilities required for the storage, final assembly, checkout and 
launch of Ariane. 

е Payload preparation complex (“ Ensemble de Préparation Charge- 
Utile ” - EPCU), including the facilities made available to users for the 
preparation of their satellites. 


Two agreements between the French Government and ESA define the 
rights and obligations of the two parties concerning the conditions for 
utilization of the ELA and CSG respectively. Under the terms of these 
agreements, the French Government guarantees ESA and its Member 
States free access to, and utilization of, the CSG facilities for their res- 
pective programmes. It also grants ESA priority for utilization of the 
CSG for its programmes. 


ESA has set up permanent representation at Kourou (ESA Kourou 
Office), for the purpose of technical and financial control of ESA activ- 
ities in Guiana. 


The CSG's main tasks are as follows : 


* Launch and injection into orbit of scientific and applications satellites ; 
* Launch of sounding rockets or balloons, for scientific bodies ; 
* Checkout and launch of any type of space vehicle. 
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These tasks comprise : 


* The making available and operation of launch and measurement facil- 
ities, together with the associated material and operational support ; 

* Restitution in real or deferred time of data concerning vehicle behav- 
iour during launch. 


French Guiana 


Geography (see figs. A 2.1 and A 2.2) 


French Guiana lies on the Atlantic coast of the Northern part of South 
America. It is an equatorial region covering about 90 000 square kilome- 
ters between latitude 2? and 6? North at longitude 50? West. It is bound- 
ed : 


* to the North, by usually flat and marshy Atlantic coast covered with a 
recent alluvial deposit ; 

* to the West, by the Maroni river, which forms the natural frontier with 
Surinam ; 

* to the East, by the Oyapock river separating Guiana from Brazil ; 

* to the South, by the frontier with Brazil, which is formed by the water- 
shed of the Amazon basin. 


Most of the territory is wholly covered with equatorial forest, only a 
coastal strip 15 to 30 km wide being habitable. 


Climate 


The climate is of the equatorial type, but is more moderate than its mean 
latitude would lead one to expect. With absolute extreme values of 199 
and 35°, the temperature generally remains within a 25? — 30°C brack- 
et, with a low daily variation. 


Despite relatively high rainfall (annual mean 3m), there are two dry sea- 
sons : a short one in March with northeasterly trade winds, and the main 
dry season between August and December, with easterly trade winds. 


The relative humidity is very high with a daily mean varying between 
80 96 and 90 96, corresponding to 18 to 22 g of water per cubic metre of 
air. 


French Guiana lies outside the hurricane zone, and has light prevailing 
winds, mainly northeasterly. Despite its geographical situation, the 
coastal zone has a pleasant climate - breezy and sunny most of the year 
round. 


Population 
The current population of French Guiana is approximately 60 000, 


almost half of them in Cayenne. Most of the population is black or of 
mixed ethnic origin. This includes a sizeable proportion of Asians. 
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Health 


Yellow-fever vaccination is mandatory for any visit to French Guiana 
exceeding 15 days. 


Although many varieties of mosquito are present in Guiana, their bite is 
fortunately harmless. 


Cases of dysentery and malaria are rare. Malaria is practically absent 
from the coastal strip (Kourou-Cayenne). Anti-malaria precautions are 
nevertheless recommended for persons entering the forest areas. 


There are hospital facilities with very up-to-date equipment at Cayenne 
and Kourou. 


Infrastructure and communications 


* Sea links 
The port of Cayenne has three unloading areas : 


Cayenne proper which can both handle cargo vessels of 1500 

Larvot tonnes with a draft of 4 meters. 

Degrad des Cannes, | to the South of the Cayenne peninsula, which 
can handle larger vessels of 6 meters draft. 


The port is linked to Kourou by road. 


* Air links 
Rochambeau international airport at Cayenne has a 3200-metre run- 
way, which enables wide-bodied jets to land in any weather. There are 
three or four flights a week from Paris, either direct or via the West 
Indies. 


These are also scheduled services between Cayenne and Brazil 
(Manaus and Belem), Guadeloupe, Guiana, Martinique, Peru (Lima) 
and Surinam. 


* Road links 
A single road, the RN 1, links the main towns of Guiana (Cayenne - 
Tonate - Kourou - Sinnamary - Saint-Laurent du Maroni) and enables 
travellers to cross over to Surinam by the river Maroni ferry. 


* Telephone - Telegraph - Telex 
Cayenne is linked by telephone and by telex to Paris, New York, Suri- 
nam and Fort de France. 


А! towns in Guiana are served by telephone and some by telex. 
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Kourou 


The town of Kourou lies on the coast, approximately 65 km from 
Cayenne. The town was designed to cater for a population of 10 000, 
from the administrative, socio-economic, and basic-services points of 
view. Kourou has a current population of about 6000. 


The town of Kourou has : 


* a secondary school and three primary schools 

* a day nursery and two infants' schools 

* a medico-surgical centre and hospital 

* a Youth Centre and Cultural Club 

* a Church and Oecumenical Centre 

* outdoor sports facilities such as a Sailing Club, Tennis Club, and child- 
rens' playgrounds 

* other facilities such as a swimming pool, a stadium and a sports 
ground 

* a hotel complex including two high-class hotels with a total of 140 
rooms (280 beds) and two self-service restaurants with seating capacity 
for 600. 


Kourou town is supplied with electricity by a power station producing a 
total of 12 000 kVA. This power is distributed throughout the town and 
the Space Centre by two high-tension lines. The low-tension mains is 
the standard 220 - 380 V at 50 Hz. The Kourou power station is linked to 
the one in Cayenne. 


The town is supplied with drinking water by a pumping station 32 km 
upstream from the estuary of the Kourou river. 


Kourou has all the essential amenities of a modern town such as shops, 


supermarkets, restaurants, and craft trades of conventional and colour- 
ful kinds. 
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ABM Apogee Boost Motor 


ACM Assistant Mission Director 

ACU Payload Adaptor 

AZ Azimuth 

BCL Launch Vehicle Checkout System 
BNBD Low-Level Bipolar Unbalanced 
BRCU Payload Interconnection Bay 
CCU Payload Container 

CDL Launch Centre 

CM Mission Director 

CMP Handling and Protection Ring 
CNES French National Space Studies Centre 
COC VEB Command Unit 

COEL Launch Site Manager 

CPA Ariane Project Manager 


CPCU Satellite Project Manager 
CSEL Launch Site Safety Officer 


CSG Guiana Space Centre 

CST Toulouse Space Centre 

CU Payload 

DAM Mission Analysis File 

DCI Interphase Control File 

DDO Launch Operations Director 

DL Launch Application 

DUA Application to Use Ariane 

DV Flight Director 

ELA Ariane Launch Site 

EPCU Payload Preparation Complex 
ESA European Space Agency 

ESOC European Space Operations Centre 
FH Radio-relay Link 

GSOC German Space Operations Centre 


HNBD High-Level Bipolar Unbalanced 


KRU Kourou 

LAM Measuring Instrument Laboratory 
MCU Payload Mass 

MGSE Mechanical Ground Support Equipment 
MUA Ariane User's Manual 

OCOE Overall Checkout Equipment 

OL Launch Order 

ORS Satellite Station Network Operator 
PAM-D Payload Assist Module - Class Delta 
PCA Forward Test Post 

PCU Payload Console 
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PF8 Ariane Servicing Tower - Platform N°8 


PIP Pyro Interception Plug 

POC Launch-Vehicle/Payload Combined Operations Plan 
POCU Payload Operations Plan 

POE Electrical Umbilical Plug 

POS Satellite Operations Plan 

PPLS Propellant and Pressurant Loading Systems 
PR3 PR3 Storage Area 

PSCU Payload Safety Console 

PY3 PY3 Storage Area 

RAL Launch Readiness Review 

RAM Mission Analysis Review 


RAVL Launch-Vehicle Flight Readiness Review 
RAVS Satellite Flight Readiness Review 


RN National Highway 

ROO Satellite Orbital Operations Manager 
` RPCU Satellite Preparation Manager 

RS Safety Officer 

S1 Building S1 

S2 Building S2 

S3 Building S3 

54 Building 54 

SASY "Satellite/Sylda Separation System 

SB Syida Bottom 

SBE Sylda Bottom, External 

SBI Sylda Bottom, Internal 


SCAR Attitude and Roll Control System 
SCOE Special Checkout Equipment 

SH Sylda Top 

SYSY Sylda Top / Bottom Separation System 


TC Telecommand 

TM Telemetry 

UA Acquisition Unit 

ZA Ariane Assembly Zone 
ZL Ariane Launch Zone 
a Semi-Major Axis 

e Eccentricity 

i Inclination 

w Argument of Perigee 
Q Ascending Node 

Z5 Perigee Altitude 

7 Apogee Altitude 


=! 


Mean Anomaly 
Azimuth 
Descending node 
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